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ABSTRACT

The three types of manually-inserted landing
site position adjustments planned for use in Apollo 15
are discussed and explained at a detailed operational

(but not computational) level.

Two of the three types

are new and are intended to counter the effects of certain
malfunctions and dispersions that could reduce the proba-
bility of attaining the nominal landing site.

This memorandum consists essentially of the
briefing on this subject given to the Apollo Program

Director on May 19, 1971.

Parts of the original presen-

tation have been amplified and clarified, however, and
some corrections have been made to the figures.
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MEMORANDUM FOR FILE

INTRODUCTION

In earlier missions (Apollo 12 and 14) only one
NOUN 69 correction was incorporated. In Apollo 15 there are
three different kinds of NOUN 69, and a possible total of
five corrections. The reason for the proliferation is that
the Apollo 15 site is difficult and NOUN 69 insertion is the
easiest--perhaps the only--way to make last minute navigation
corrections before the LM lands.

NOUN 69 is the Display and Keyboard (DSKY) designation
for a change in landing site position to be entered in the LM
Guidance Computer (LGC). The changes are in the landing site
coordinate frame, i.e., downtrack, crosstrack, and radial; the
units are feet. The quantities to be entered are computed on
the ground, voiced up to the crew, and entered manually by the
crew into the LGC by means of the DSKY.

The three kinds of NOUN 69 in Apollo 15 are:

BACKUP RLS2 (No. 1 on Figure 1), which is loaded
before calling P63 (the braking phase computer program), if
it has not been possible to uplink (automatic loading into
the LGC from the ground) the final adjusted landing site
position or RLS2;

NOMINAL (No. 2 on Figure 1), which is loaded at
Powered Descent Initiation (PDI) plus 2 minutes to correct
for orbit propagation errors in the last pass, down to PDI;
and

NAVIGATION (Nos. 3, 4, and 5 on Figure 1), to
correct for accelerometer biases and certain other errors
that cause position errors to build up after PDI.
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When a NOUN 69 is to be loaded into the computer,
the component being entered is specified by the appropriate
verb on the DSKY. VERB 22 (V22), for example, means "Load
Component 2", the crosstrack component. The "V2xN69" desig-
nations shown on Figure 1 are the DSKY entries for loading
the corresponding adjustments; the three-digit designations
"569", "169", etc., are a conversational shorthand used by
MSC Flight Dynamics people and the Flight Crew to refer to
the same entries.

All of the NOUNS 69 except the NOMINAL are contingency
procedures: they are required only when certain things do not
work quite right. It should be emphasized here, however, that
insertion of NOUN 69 corrections does not affect the abort
limits. The abort limits are specified maximum-allowable
guidance system velocity discrepancies: if any of these is
exceeded during powered descent, the descent is aborted. The
abort limits are based on the requirement that both the Abort
Guidance System (AGS) and PGNCS be available for abort guidance,
and establish velocity errors (if and as they develop during
powered descent) as criteria of deterioration of a guidance
system's capability to control an abort. The NAVIGATION NOUNS
69 can correct position errors resulting from PGNCS velocity
errors, but do not affect the velocity errors themselves nor
the PGNCS degradations that cause them.

The descent profile (Figure 2) shows where along the
descent these various inputs are made. It also shows, in more
or less the right size and place, the Apennine Mountains.

The CSM track above shows the effect of circularizing one and
a half orbits before PDI: The CSM is almost overhead at
touchdown.

BACKUP RLS2

A mixed timeline and logic chart (Figure 3) shows
the normal sequence of events along the vertical line extending
down the middle, and the situation that would lead to use of
NOUN 69 to back up the normal RLS2 procedure. It is essential
to get landmark tracking data and state vector update data
into the LGC to get to the nominal landing site. A new Mission
Rule establishes that if we don't get the landing site landmark
tracking an alternate landing site (across the Rille, or to the
North; not yet decided) allowing larger landing dispersions than
the nominal one will be loaded.
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In Lunar Orbit Revs 2 through 11, the period spent
in the descent orbit up to the beginning of the interval shown
in Figure 3, a Propagation Offset Study is conducted. This
study determines the error arising per orbit, in the vicinity
of the PDI point, in the LGC propagation of the LM orbit. This
error propagation has been found to be constant or to change
very slowly over many orbits, so that it can be used to predict
LGC errors on future passes.

The MSFN tracks the spacecraft on each pass across
the near side of the Moon, and the RTCC fits orbital solutions
to the tracking data. Both single-pass and two-pass fits are
generated, and the choice of which to use is based on a real-
time comparison of their consistency, the magnitudes of the
residuals, etc. The processing of each pass of data is com-
pleted after Loss of Signal (LOS) on that pass, so that on
each Acquisition of Signal (AOS) there is available a fresh
orbital solution (or State Vector, or SV) based on the latest
tracking data.

Proceeding now from the top of Figure 3: The MSFN
tracks the spacecraft and processes the data as described above.
The CSM, now separated from the LM, tracks the landing site
landmark (this will likely be "Index" Crater, about 1 km East
of the landing site, for Apollo 15). The RTCC also processes
the landmark tracking data, and so determines the coordinates
of the landmark and thus of the Landing Site in the coordinate
system of the Rev 12 orbit. There is thus available to be
transmitted to the LM at AOS of Rev 13 a fresh gtate vector
based on Rev 12 MSFN tracking and a tied-in landing site posi-
tion based on Rev 12 CSM tracking of the landmark. But the
propagation errors have to be compensated and, since the landing
is not to take place until Rev 14, two revs of propagation
errors are involved. The error corrections, or "propagation
offsets", are applied to the landing site coordinates rather
than to the state vector. It has been found that "adjusting"
the state vector is generally undesirable and can lead to poor
guidance performance in some abort situations. If, for any
reason, the Rev 12 Landmark tracking failed to produce a valid
set of landing site coordinates, the propagation offsets are
applied to the map coordinates of the landing site Then,
after A0S of Rev 13, the new State Vector (SV1) and the adjusted
landing site coordinates (RLS1) are commanded (uplinked) into
the LM computer.



In Rev 13 the MSFN tracks the LM as before, and the
CSM (now in near-circular orbit) again tracks the landing site
landmark. The ground computers generate a new orbit solution
and another landing site position, based on the Rev 13 data.
A "best" landing site position which may be either of the
observed positions or some kind of mean of them, is selected
after considering such criteria as the internal consistencies
of the two sets of marks, the CMP's estimate of his confidence
in them, etc. Propagation offsets, for only one rev now, are
applied to this landing site position.

At AOS of Rev 14 (nominally the landing pass) the
new adjusted landing site coordinates (RLS2) are commanded
into the LGC. At PDI - 10 minutes, the new State Vector (SV2)
is commanded into the LGC. The crew then calls up P63 at the
appropriate time and proceeds with the landing.

It is in this last 10 minutes before PDI that BACKUP
RLS2 NOUN 69 may come into use if there has been any difficulty
in commanding RLS2 into the LGC. 1If there is such difficulty,
whatever the cause, attempts may be continued until PDI - 10
minutes. If RLS2 has not been commanded into the LGC by that
time, it will be assumed that attempts to uplink SV2 would also
be unsuccessful. If RLS1 was derived from good landmark tracking,
then it and SV1 are satisfactory for going to the nominal landing
site and no further efforts need be made with RLS2. But if RLS1
was based on map coordinates, RLS2 is the last chance to get
acceptable coordinates for the nominal landing site into the
LGC, for landing on this pass. It is then voiced up to the
crew for manual entry in the LGC as a three-coordinate NOUN 69.
The RLS2 must be modified in two ways for this use. First,
since it is to be used with SV1, which will be two orbits old
at PDI, propagation offsets for two orbits must be applied.
Second, it has to be transformed: From latitude, longitude, and
radius to downtrack, crosstrack, and radial corrections to the
landing site position.

If landmark tracking was not successful in either
Rev 12 or Rev 13, the landing may be deferred one rev and
another attempt made to locate the landing site in Rev 1l4.
There would then be an RLS3 and SV3 after AOS of Rev 15,
with the same logic applying for a BACKUP RLS3 NOUN 69.

NOUN 69 NOMINAL

It has been found that despite all the propagation
corrections and state vector updates, the PGNCS will still
have significant downtrack propagation errors in its state



vector as it comes up on PDI. The simplified diagram (Figure 4)
illustrates the principle used in measuring this error. The
MSFN is somewhere in a generally "“up" direction from this chart.
The downtrack error is determined by measuring the difference
between the LGC velocity vector and the MSFN-determined velocity
vector. 1In the drawing the LGC has propagated itself farther
around the orbit than the LM has really gone. While the flight
path angle will in general not be zero as it is shown here, the
difference in flight path angle at the two points is negligible
and the principle is unaltered. The two points have been less
than one mile apart in previous missions.

NOUN 69 NOMINAL COMPUTATION

There are three ways of measuring the angular position
error (Figure 5). Two of them use velocity differences, while
the third depends upon range measurement. The preferred method
is based on direct measurement of the line-of-sight velocity
component and is referred to as the "range-rate residual” method.
("Residual" in these applications generally means a delta between
a PGNCS and a MSFN-RTCC value or between a local and a propagated
value, rather than between one of a set of measurements and the
least-squares massaged result of the set of measurements.) This
calculation is done automatically in the Range Rate Residual
Processor (RRRP). The second technigue employs the Powered
Flight Processor (PFP, usually called "the LEAR"), which also
now processes the data automatically. The PFP gives as accurate
and reliable results as the RRRP in most cases, but the RRRP 1is
preferred because it is somewhat more flexible in off-nominal
situations. The third method, using the range residual, tends
to be more noisy and less accurate than the other two. It gives
a reasonable and usable result, however, and remains available.

The error is determined 10 times in the 5 minutes
immediately preceding PDI by both velocity-difference methods.
This makes any irregularity or noisiness or trend pretty
conspicuous and easy to detect.

DOWNTRACK AND CROSSTRACK NAV NOUN 69

Even with perfect landmark tracking, propagation
offsets, and updates we can get into trouble with errors that
build up after PDI (Figure 6). Errors that are well within
the abort limits and would have caused no real concern in
earlier missions are operationally unacceptable in Apollo 15
because of the terrain. The principal source is constant
errors or "biases" in the accelerometers in the IMU in the LM.
The accelerometers feel nothing and output nothing until PDI,
after which they sense the thrust of the DPS. Inertial plat-
form misalignment will cause the three components of the
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thrust to be sensed inaccurately and hence will introduce

false components normal to the true thrust; a misalignment

thus has the same effect as radial and crosstrack accelerometer
errors.

These errors do not exist until powered flight
begins. If they are to be corrected, therefore, they have
to be measured in powered flight; i.e., beginning at PDI.

DOWNTRACK AND CROSSTRACK NAV NOUN 69 COMPUTATION

A pre-mission prepared plot is used. Downtrack and
crosstrack velocity residuals are monitored and measured at
several integral-half-minute intervals after PDI. The plot
is entered with a velocity residual and the time at which it
was observed, and the desired NOUN 69 is read directly
(Figures 7 and 8). The same plot is used for downtrack and
crosstrack corrections. It gives a correction for the error
propagated forward to about PDI plus 8.6 minutes, the time at
which Landing Radar velocity convergence is nominally expected.

The CROSSTRACK NAV NOUN 69 was invented first, to
protect against the Apennine Front on Apollo 15. It was then
decided it could be done downrange too to correct for accel-
erometer errors in that direction, to try to keep the LGC
terrain model synchronized with the terrain.

Both of these corrections go into the LGC at PDI
plus 5 minutes. Both have a threshold value of 3000 feet:
i.e., if the correction is less than 3000 feet, it is ignored.

RADIAL NAV NOUN 69

Three elements enter into the development of radial
(altitude) errors during powered descent (Figure 9). The
first is the difference between the LGC and the real velocity
vectors, the same "residual" that allowed us to calculate the
NOUN 69 NOMINAL so easily. This vector difference is an
essentially radial velocity, and is thus equivalent to an
altitude rate error in the LGC. In principle, putting in the
NOUN 69 NOMINAL removes this error: It is easy to verify on
Figure 4 that the flight path from the imaginary LGC LM posi-
tion to the imaginary (adjusted downtrack by the NOUN 69) LGC
landing site is identical to that from the true LM position
to the true landing site, merely rotated through the angle
In practice, the entering of a NOUN 69 NOMINAL does not cancel
this radial velocity difference as a source of altitude error
during powered descent. NOUN 69 NOMINAL is not entered until
PDI plus 2 minutes; this alters the shape of the trajectory

W Wt
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and affects the time of throttle recovery. Furthermore, our
immediate concern is not with errors the LGC might have after
flying uncorrected all the way to touchdown. The RADIAL NAV
NOUN 69 is intended to correct certain predictable altitude
errors at an intermediate point (currently 6000 feet) in order
to allow the LM to fly safely at least that far without landing
radar data if the landing radar should be slow in coming in.

A look at the descent profile (Figure 2) shows that for a normal
NOUN 69 NOMINAL we are talking about a shift of a few thousand
feet from one end to the other of a 280 mile long flight path.
The altitude rate error is about 1 ft/sec per 1000 feet of

NOUN 69 NOMINAL.

Accelerometer bias and platform misalignment introduce
a growing velocity error, as in the crosstrack and downtrack
directions.

RADIAL NAV NOUN 69 COMPUTATION

The altitude rate error (residual) existing at PDI
is known. After PDI, the altitude rate residual is monitored
on the ground and recorded at several integral minute points
(Figure 10). The nomograph (Figure 11) is entered with the
error existing at PDI on the left scale, and with the error
existing at a later instant on the center scale corresponding
to the time at which it was observed. A line connecting these
points, projected across to the right scale, cuts that scale
at the required value of NOUN 69. The sample line shown on
Figure 11 represents the computation for a radial residual of
-5 ft/sec existing at PDI (left scale), which has grown to
-10 ft/sec at PDI plus 6 minutes (6:00 center scale); the NOUN
69 is +4000 feet. It should be emphasized that although this
is an altitude correction, it is not derived from measurements
of altitude. It is a predicted altitude discrepancy calculated
from timed measurements of altitude rate error.

It should also again be emphasized that the RADIAL
NAV NOUN 69 is not calculated to permit the LM to fly down to
the landing site and land without any additional information.
The number given by the nomograph is designed to result in a
zero altitude error in the LGC at 6000 feet (referred to the
landing site radial position as determined by the CSM landmark
tracking). The purpose is that the LM may safely go to that
altitude as indicated by the PGNCS without landing radar data,
in order to give a poorly-performing landing radar every
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possible chance to come in. If the landing radar has not
come in by 6000 feet, the descent must be aborted. 1In the
absence of landing radar data and without a RADIAL NAV NOUN

69, the abort limit is 10,000 feet, because of the greater
altitude uncertainty.

The threshold value of RADIAL NAV NOUN 69 is 500
feet. As before, several readings are made for consistency.

2013-WWE-pjr ;

W. W.\Ennis



Subject: Pre-Landing Adjustments to Landing
Site Position: NOUN 69 in Apollo 15

From: W. W. Ennis

DISTRIBUTION LIST

NASA Headquarters Abstract Only to
J. K. Holcomb/MAO Bellcomm, Inc.
E. W. Land/MAO

C. M. Lee/MA J. P. Downs

R. A. Petrone/MA D. P. Ling

R. B. Sheridan/MAO M. P. Wilson

W. E. Stoney/MA

Bellcomm, Inc.

R. A. Bass

A. P. Boysen, Jr.

J. 0. Cappellari, Jr.
F. El-Baz

D. R. Hagner

W. G. Heffron

J. J. Hibbert

N. W. Hinners

T. B. Hoekstra

M. Liwshitz

J. L. Marshall, Jr.
K. E. Martersteck

J. Z. Menard

P. E. Reynolds

P. F. Sennewald

R. V. Sperry

J. W. Timko

R. L. Wagner

All Members Department 2013
Central Files
Department 1024 File
Library



MADEINU. 5. A,

359-11

10X 10 TO THE Yz INCH

KEUFFEL & ESSER CO.

Kog

i M T
1 . B CEE] 1 1 _._E -
16 = T+ :
14
12
% HHH10
St
% LUNAR
S FERRY l
>4 SPARES it
— I
£ 8 uEy
annue %
T v
B
6 : - :
4 i
2
50
= O T T 40O HHF r 800 1200‘ 1600 2000
dEREst: CONSECUTIVE DAYS OF PROGRAM 11 EEdsSess
FIGURE 3-141: MISSION DEPENDENT RESUPPLY VOLUME - OLSF MODE -
] (TOTAL MISSION TIME) ) 1

3-227



18 L )| ) il 1 L | B QY A
{ 1 [ It SEES 1 t L] S LI
FrE G e
] THT 1 A
- j— W N 4 R 1 T 1+ 1 BREY 48 RN
T THE H St T i 1
Tobii T 3psfRdsianeta cord i j,{f it
! i R A
Aaes MARS
: i LANDING
1k % T gasssemas:
LT e an s
12
TT "i' 1 |
o i
oy . + i 1 i .8 auuee
E { . ! T !
i} § 8 =8 ¥ 48 T TET
B
2
11 E T - y o NASE : Bae M .f
£ 6 saisas Ee
i : T i ssEe T T _53
L Gt L =
e s rares itz i : e
H 3 1 : usgn 4 ;+ g R ‘_“ LF
2 | E ‘ i
§ g 5 SR H o+ b T T
1] ‘\ "'_'—__.-__-_‘.i: 1 - 4
11 : T ! . j:i En ek HHH ! _.j:*j_i_&j:] fg
EARE I T B Fit] 'i:;J‘('{ R HTT Hil H
0 ot SuShungibe . u i b usas Sayghs
+ 03 +ho 1580 SR 10 R 1600 R T ko
Eas L1 N } ! Angn FTET Fe
gedg iihesgius {{{HH{T ) RESUPPLY INTERVAL (day») = H H
FIGURE 3-142: TOTAL RESUPPLY REQUIREMENT - CLSF MODE 1 i
Il 1 (WEIQ{T) I T j
g P lHHm[tUlHHHHWWWJ?WHFFFFF%F_}T Py s sanuy A8l pidnghiedd

3-228




359-11

MADEEINU. S A,

10X 10 TO THE Y2 INCH
KEUFFEL & ESSER CO

K&

SRCh IMRRidcaat tain LY ISEE:
Heeie) eetciesd et R R oo st st SR gy fisssiate s
I e i
H LANDING HpgtH: MARS
% : 3 i C
] g ]
(o] T
[
1|1 187
H Chr T Est :
. .gf’ Ca B
3 i
H 824 —’T: T
P pus r
hot i 80 T I 201 1602 i 200
L - RESUPPLY INTERVAL (days)
N R N A A RS R N e N AR
"FIGURE 3-143: TOTAL RESUPPLY REQUIREMENT - OLSF MODE
: (VOLUME ) e
e e e e e e e e e e e e e e O T

3-229



LS00 NOILVIOY TINNOSH#EE JSTIO-

L2-€ TIAVL

9¢L H3 SHE‘T T TYLOL

0Lz ot ot 809 o S RUEI HYNOT

291 8T 01 ogh ot 4 _ DNIQNVI SHVH

291 8T ot ogh ot g PINTAVO SYYN

29T gt 0T 6ot L2 S X9XTd SYW
(0T * §) (0T * $)
2" as0p squdTTd | JuSTTd I°d 9" 3800 SUITTI qBTTd I8d NOISSIN
Butyexadp Jo Iaqumiy sxo8uassed Sutgexadp Jo Jaqumy] sxa3usassed

HATYIYD TANNOSHId NVW-FATIML YITHNNYD TANNOSHAL NVW-XIS
IS00 NOIIVIMOJISNVEL SOIISIDOT
9c~€ FTAVL

0.8 Ls 08E‘T 9h TYIOL

002 oz HET ogh 9T 0LT DNII YYNNT

0ST ¢t 80T 09€ et LET PNIANVT SHVH

02T AN 2€T 00€ (0)4 89T DINIIYD SHVW

00T oT H9t ohe 8 Log XgX1d SUVIW
(0T * §) (580) | (0T * §) )

180D sqU3TTI TBAII9UL 180D SAUBTTA TRAXa3UT KOTISSIN

Butqexadp Jo Jaoquny Arddnsay Butqexado Jo Jaqumy A1ddnsay

(o0¥) YATMYYD TVIICYO TTAVISNAY a1 NEALYS

3-230




(a) Stabilization and control propellant is eliminated since
the Orbital Support Vehicle is assumed to be docked to the
Orbital Launch Vehicle.

(v) Spares usage is different for the Orbital Support Vehicle
than for the Orbital Launch Support Facility; this is shown
in Table 3-23 .

(c) Orbital Support Vehicle propellant for orbital transfer is
different from that for the OSAV (see the data in Figures
3-1l4k through 3-149).

The total resupply for all mission time dependent expendables is
presented in Figs. 3-150 and’ 3-151. The 75% volumetric efficiency factor is
agein added, as discussed in Paragraph 3.3.2. Since resupply only occurs
during the Earth orbital phase of a mission, requirements are calculated on
the basis of the number of days of orbital support required in Earth orbit
(see Table 3-25). Lunar Ferry spares are prorated by dividing the total spares
requirement by the cumulative number of days during which Earth orbital opera-
tions occur. These totals are shown in Figs, 3-152 and 3-153. Expendables are
delivered by both the Orbital Support Vehicle and an expendable logistics
vehicle. However, resupply interval for this support mode has no general mean-
ing. Accordingly, data for this item is not presented. In view of the short-
ness of orbital stay time for all of the guidelire missions, a separate crew
rotation mission is not needed.

3.k EVOLUTION OF ORBITAL LAUNCH SUPPORT FACILITY MODE

In the following discussion, the Temporary Orbitel Support Vehicle
Mode, previously discussed in Paras. 3.1, is not considered. Primary emphasis
is on development of a program for & permanent QLSF. The basic question i1s
based on the guideline missions and the Point of Departure Plan, what are the
logical steps by which an OLSF may be developed? A full discussion of Orbital
Launch Operations development, including the OLSF, is found in Volume II. The
OLSF configurations derived and discussed previously in paragraphs 3.2.1 may be
considered typicel and no attempt was made to show how they might be developed.
It is the intent here to discuss a method by which the OLSF mode may be
developed as a function of time and mission, including the utilization, where
poasible, of the MORL program.

Figure 3-154 shows a development program for space stations by which
the OLSF's may be developed in support of the guldeline missions. Also shown
(for reference) are the guideline missions and the number of personnel in orbit.
The personnel are those involved in orbital launch operations, transients
associated with the missions, and Earth-to-orbit ferry or logistics wvehicle.

It is assumed for the purposes of this discussion that the OLSF is capable of
handling all of these pecple on a temporary basis even though under normal
operational procedures the mission crews would probably bypass the OLSF,

3.&.1 Early Orbital Facilities

For purposes of this discussion, it is assumed that the Manned
Orbital Research Laboratory (MORL) is a funded, hardware program which will
initially be placed in orbit in early 1968, Of the two funded studies on MORL
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‘ (References 15 and 16), Reference 15 is selected as a basis on which to develop
the OLSF program. From Reference 15 the following pertinent information is
derived:

The MORL system will resolve the following key questions
affecting the future of the National Space Program:

. Man's psycho-physiological tolerance and
proficiency under long-term weightlessness
conditions.

. The physical laws and phenomena which affect
the performance of future spaceborne vehicles
and equipment.

The key to the space station/OLSF concept is the experimental program,
currently the subject of much work by NASA, other government agencies and in-
dustry. The prime MORL goal is the achievement of a universal test bed with
flexibility being a major system design consideration. Thus, the MORL system
has the following characteristics.

. A laboratory sufficiently large to accommodete varied
experimental gear and a crew adequate to operate the
laboratory and to perform the experiments. The design
of Reference 15 provides for a normal crew complement
of six men with e peak capacity of eight men and the

‘ ability to sustain (or operate) the laboratory with
only two men.

. Provision, in the event weightlessness should prove
intolerable, for continuous artificial gravitation by
rotation of the laboratory. Data on weightlessness
from additional manned space flights prior to the launch
of MORL may modify this requirement. Rotation requires
deployment mechanisms, a more complex attitude control
system, and edditional propellant. However, it is like-
ly that the effects of weightlessness can be offset by
such measures as exercise and centrifugation, so rota-
tion may be unnecessary.

+ A simple, proven experimental procedure. The design,
interpretation, and redirection of the experiments re-
quires diverse scientific disciplines too numerous and
specialized to be provided by the crew. The primary
qualifications for the crew are physical fitness, opera-
tional proficiency, and the engineering ability necessary
to execute the experiments. The experiments are designed
on the ground, procedural instructions are transmitted to
the crew, and experimental data with crew observations are
releyed to the ground for interpretation. The crew's
ability to implement redirection provides a response and

’ flexibility unavailable in unmanned space vehicles.
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The MORL system is comprised of (1) a laboratory in a circular orbit
at an optimal altitude of 200 nautical miles and an inclination of 28.7 degrees,
(2) Gemini ferries for rotation of the crew, (3) modified Atlas/Agena D re-
supply spacecraft, and (4) a ground support complex. The laboratory is launch-
ed unmanned by means of a Saturn IB launch vehicle; the crew is sent up later
in Gemini vehicles to activate the laboratory systems. The laboratory contains
enough consumables to last until the arrivel of the first resupply spacecraft,
plus reserve supplies for U5 days. Logistics spacecraft provide for crew '
rotation and replenish the consumables using rendezvous and docking techniques
developed for the Gemini-Agena program.

The laboratory weighs 10,749.5 kp (23,649 1bs.) and consists of a
260 inch diameter spherical pressure shell encased within an outer load-carrying
shell. The pressure shell provides cabin pressure integrity; both shells
protect sgainst meteoroids and radiation. The laboratory is equipped with a
dual capability for producing artificial gravity. A centrifuge provides inter-
nittent artificial gravity, and a back-up deployment-rotation mechanism provides
continuous artificial gravity. Initially the laboratory is operated at zero g.
In this condition, the centrifuge has a threefold application: (1) as an
experimental tool, (2) as a potential therapeutic-device, and (3) as a condition-
ing device for preparing the astronauts to withstand re-entry. If continuous
artificial gravity is found to be necessary, the spent S-IVB stage is used as a
counterweight, deployed away from the laboratory by means of a strut-ceble
system, and the assembly is rotated.

The laboratory is equipped to perform experiments in three broad
categories; i.e., bio-medical, behavioral, and engineering and scientific
experiments. Many of the proposed experiments are directly applicable to
Orbital Launch Operations.

Figure 3-155 shows a general arrangement of the MORL facility.

3.h.2 MORL Follow-On

Referring back to Figure 3-154, one method of developing an Orbital
Launch Support Fecility is to use the MORL concept and facility as & basic
building block. For example, Figure 3-156 shows two different, 12 man Orbital
Launch Support Facilities based on a twin-MORL concept; one is shown with
artificial grevity and the other with zero gravity. The MORL experimental pro-
gram is designed to supply the answer to the question of the need for artificial
gravity; when such an answer is available, only one of the twin MORL concepts
shown can be pursued. The capacity of the MORL facility and the number of men
required in orbit for orbital launch operations asre such that two MORL's,
coupled together and suitably modified could adequately perform the job of an
OISF for the Mars Flyby mission. Applicable Orbital Launch Operations tech-
niques would, to a large extent, already have been developed with the original
MORL. Examples of typical orbital launch operations for which equipment and
techniques will have to be worked out, whether on the original MORL or on the
twin MORL/OLSF, are as follows:

(1) Assembly or erection of mission vehicle modules

(2) Propellant transfer

3-2hl




INTWADNVIIY TVIANTD THOW D O¥dZ :6ST-€ M}HNDId

(qIONELXH)
AVY TIED ¥VIOS

™
L=
-

[

JdJ0d DNIIDOA

:
!
m
<
t

YATI SYLAVAD DNIATT YAII TVENINIYAIXH /SNOIIVEHIO
0-0 NOILOES d-d NOLLOIS V-¥ NOIIOTS

N
N

A
¥
B

N

3-2k45




S+dSTO THOW NIMI :9ST-€ TMNDIJ

JASTO/THOW NIMI D O¥dZ

\ A _,/ __(dAL) XvedY ¥VIOS
, \ (I3) YAON NVW 9
JAREAY | A %Wf I
. T A 1
: — ; / 7/._
IOTHNODWEINT TIOH

T QITJIAON

JISTO/TION NIML
XLIAVED TVIOTJLINY

3-246

,/

WALSXS NOISNALXE HIdVO
AVHYV ¥VIO0S




(3) Intervehicle ferry techniques
(4) Extravehicular inspection

(5) Repair techniques

(6) Spares replacement

(7) Vacuum welding

The zero "g" MORL/OLSF would have to be suitably modified to permit end-to-end
assembly and to provide an air lock between the two MORL's. To assemble the
MORL's in this fashion requires orbital assembly of the MORL's since their
gross weight exceeds theSaturn IB capability. As an alternative they could be
pre-assembled on the ground prior to launch; however, this would require the
use of a Saturn V launch vehicle. Further modification of the MORL's may be
required in the area of the solar cells arrays. The outwardly rotated solar
cell discs may not be compatible with end-to-end assembly; a different type of
solar cell deployment, similexr to that shown, may be required.

3.4.3 Large OLSF/Space Station

Following the development of the twin MORL's as a first generation
OLSF comes the next step; the establishment of a large OLSF/ space station.
This facility is required by the larger number of personnel in orbit for both
the Orbital Launch Operations checkout crew and the mission crew. There are
at least two possible approaches to this facility as shown in Figure 3-15k4.
One approach mekes further use of the MORL as & basic building block and con-
sists of an assembly of four MORL's which would provide quarters for up to 2k
men. Three different zero g configurations of a four MORL assembly are shown
in Figure 3-157 and 3-158. These are a spoked configuration, a linear configura-
tion, and s side-by-side clustered configuration. All of these configurations
require rework and modification to the basic MORL structure to permit these
different arrangements.

In the case of an artificial "g" assembly, there are perhaps three
arrangements that might be considered. Two of these involve an extended ceble
srrangement similar to that proposed in Reference /& for the MORL. In one
case the four MORL's are assembled together in a side-by-side cluster while at
the other end of the cables are the spent S-IVB stages, also in a cluster of
four. The alternstive to this configuration is to divide the MORL's into two
assemblies of two each, one on each end of the cable arrangement. Both of
these methods have serious dperational problems, particularly with regard to
the lack of & zero "g" hub where support vehicles can be docked. Accordingly,
a third approach lends itself to consideration. This approach involves the
assembly of four MORL's in a spoke configuration, which requires the addition
of & zero "g" hub and spokes for attachment of the several MORL's. All of
these methods, whether zero "g" or artificiel "g," require multiple Saturn IB
launches (either four or five launches depending on how much additional hard-
were is required). Stacking of four MORL's on a Saturn V, even though within
the payload capability of the launch vehicle, is probably unacceptable due to
the long length and the resulting increase in bending loads on the payload
and lsunch vehicle.
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An alternate approach to the large OLSF/space station is to design
a new large facility, making use of the MORL developed techniques and technology.
This facility must have from 24 to 36 men and is placed in orbit in 1972 to
be compatible with the guideline mission personnel build-up. It is presumed
that by the time this facility is designed, an answer to the question of
gravity requirements will be known. Should there be a question, however, the
recommended approach is to design the facility based on artificial "g'" require-
ments (i.e., & rotating facility) and if artificial gravity is determined
not to be necessary, the Orbital Launch Support Facility would simply not be
rotated.

Another approsch to the development of the OLSF is as shown on the
bottom of Figure 3-154. This epproach is to bypass the MORL program entirely
and proceed initially with the design and development of a large rotating space
station with Orbital Launch Operations capabilities. Thus, if the MORL program
shows that artificial gravity is required, the cepability to provide this re-
quirement will exist immediately. If otherwise, then it will not be necessary
to rotate the Orbital Launch Support Facility. Based on current data, there is
no apparent reason why large space stations, currently under study by and for
NASA, cannot be modified and adspted to serve as an Orbital Launch Support
Facility in addition to its other functions. The conversion of a space station
to an Orbital Launch Support Facility requires a minimum of change in sub-
systems; the primary changes are in the area of checkout and countdown equip-
ment and spares (for the Lunar Ferry only). Depending on the weight and volume
characteristics of the gpace station, these items may be added to already plan-
ned subgystems or if the weight and volume limits are exceeded, it is necessary
to remove some lower priority equipment. Later Orbital Launch Support Facilities
in the evolutionary stream may require larger personnel capacity in which case
a new design may be required. For exsmple, if the Lunar Ferry and Mars landing
missions are conducted concurrently and the same facility is used for both
missions, as many as fifty people (including mission crews) may be in orbit at
the same time for relatively short periods of time (of the order of 3-10 days).
This indicates that one possible solution is not to provide a larger facility
but simply to provide a second orbital launch support facility of the same
kind developed earlier in 1972. Then for the short periods of time necessary
to house additional personnel, & sharing of facilities (such as beds) can be
instituted. Free volume per man, normally several hundred cubic feet per man,
would, even at a reduced level of around 200 cubic feet per man, not be in-
tolerable for the time intervals under consideration.

Examples of the large space stations which, with suitable modification,
could be adapted to the role of an Orbital Launch Support Facility are shown
in Figures 3-159, 3-160, and 3-161. Figure 3-159 shows the NASA LRC rotating,
artificial gravity, 24 man space station. This station consists of six tangential
interconnected, functional modules; these modules are folded into a launch con-
figuration and after injection into orbit are self-erectable to the configuration
shown in the figure. Figure 3-160 shows the NASA MSC artificial "g", 24 man
space station. This station uses an arrangement of three radial spokes, folded
for launch, and deployed after arrival in orbit. Figure 3-161 .shows the NASA
MSC zero "g" 24 man space station which utilizes a cylindrical can arrangement.
From the studies reported in References 17, 18, 19, and 20 there are no insur-
mountable engineering problems associated with any of these stations. All of
them are within the launch capability of the Saturn V and are cepable of being
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resupplied at regular intervals by the use of routinely scheduled logistics
vehicles. The addition of orbital launch operations equipment and orbital
support vehicles to the space stations will transform any one of the space
stations into a full-fledged Orbital Launch Support Facility with the capability
to support any of the guideline missions.
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4. CONCLUSIONS

In view of the many tasks to be performed in Orbital Launch Operations
in support of the guideline missions, some form of support is required. This
support may be supplied by either of two modes. One mode is by means of
temporary vehicles staffed with a checkout crew, which dock with the Orbital
Launch Vehicles and remain in orbit until launch following which the vehicles
and checkout crew return to Earth. The second mode is by means of a permanent
Orbital Leunch Support Facility. A discussion of these modes and the relative
economics and advantages of each may be found in Volume II.

Based on current knowledge of the numbers of personnel required and
special equipment required for Orbital Launch Operations, the designs of the
large manned space stations under study by NASA could, with some modifications,
serve as an Orbital Launch Support Facility. This is not to say that such an
Orbital Launch Support Facility could, at the same time, perform other jobs of
an experimental or scientific nature since cambinations of other jobs with
orbital support functions have not been analyzed. The logistics and personnel
(both in numbers and in training) requirements for such combinations of jobs
become highly important in determining the feaslbility of such arrangements.

There is not, at this time, a clear cut requirement for an orbital
hangar for the guideline mission Orbital Launch Vehicles. The addition of such
a hangar poses significant problems, especially if attached to the facility.

A hangar, designed integrally with the Orbital Launch Support Facility, for
the Orbital Support Equipment or logistics vehicles may be Justified in view
of the long orbital stay time; however, no analyses of this case has been per-
formed in this study.

The use of nuclear systems in orbital launch operations imposes re-
quirements for personnel shielding, facility or mission vehicle orientation
and specific operational procedures. Repair and maintenance on nuclear propul-
sion engines results in extreme weight penalties for shielded facilities; the
magnitude is such that it would probably require an additional Saturn V launch
vehicle.

Cargo and personnel transfer between hard docked and separated vehicles
ig feasible by several means. Hard docked transfer of personnel is best done
by ambulatory means. It is recommended that cargo transfer be accomplished by
means of the handcarry method. The recommendation for remote transfer of both
personnel and cargo is by the breeches buoy method. Pending further analysis,
these methods are conditionally recommended at this time.

In the area of Orbital Support Vehicles, there are a number of tasks
to be performed which require support vehicles such as the Orbital Support and
Assembly Vehicle (OSAV) and a crew module for transport of personnel. Other
spacecraft not specifically developed for Orbital Launch Operations may satisfy
some of these tasks. These include vehicles such as the Gemini, Apollo, 6-man
Modified Apollo (MODAP), 12-man ballistic or lifting vehicles, 10-ton Reuseable
Orbital Carrier, Astroneut Maneuvering Unit, etc.
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logistics requirements for support of both the Orbital Launch Support
Facility and the guideline missions may be satisfied by routine, periodic
resupply flights using either the Saturn IB or the 10-ton Reuseable Orbital
Carrier.

Evolutionary development of the Orbital Launch Support Facility is
possible by one of two methods. One is to use & modified MORL as & building
block and assemble it in clusters of two or four depending upon manpower re-
quirements. Later orbital facilities may then be designed to incorporate the
findings of the first MORL. An alternate and more logical approach is to pro-
ceed directly with a large space station/Orbital Launch Support Facility
design with the capability for providing artificial gravity by means of rota-
tion. Should the MORL program prove that artificial gravity is not required,
then this facility would not have to be rotated. Iater, larger Orbital Launch
Support Facilities would then be designed to incorporate whichever type of
gravity provision is determined to be necessary.




5. RECOMMENDATIONS FOR FURTHER STUDY

It is recommended that additional work be done in examination of
methods of adapting large manned space stations to the role of an Orbital Launch
Support Facility. In addition, independent Orbital Launch Support Facilities
studies should be continued. The results of NASA sponsored space station
studies should be fully utilized in this effort. More detailed knowledge of
guideline mission subsystems should be obtained to permit better definition of
support equipment.

The need for an orbital hangsr should be examined further. If deter-

mined to be necessary, methods of providing a hangar should be studied in more
detail.

The operational imélications of nuclear systems should be studied
further. A deeper penetration into methods of handling, servicing and repair-
ing of "hot" nuclear engines should be conducted.

More work needs to be done in the area of orbital support vehicles.
A better definition of the Orbital Support Assembly Vehicle and its role is
required. Other support vehicles and their roles should be determined in more
detail. Specific methods of implementing verious orbital lsunch operations
tasks should be exsmined.
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APPENDIX A

SHQUENCE OF OPERATIONS AND EVENTS REQUIRED TO
LAUNCH GUIDELINE MISSION VEHICLES

This appendix contains a listing of the major operations broken down
into a series of events for the supporting functions required in BEarth orbit
to prepare, checkout, and launch each of the guideline nission vehicles, as
discussed in Section 4 of this volume. Major operations and/or events re-
quiring a different method of execution with or without an OLSF have been
identified and are presented for either condition.

The manner of accouplishing each operation and/or event, the man/
machine tasks, the kinds of skills and number of personnel required, time re-
uirements, etc., are presented in the Function and Task Analysis results
Appendices B, C, D, and E.).

The reader is cautioned that each major operation and its events
breakdown are not necessarily directly comparasble in magnitude -- either within
a given mission sequence or when compared to different mission sequences.
Whereas it is generally truec that the greater the number of operations required
to prepare a vehicle for orbital launch, the longer the time required, there
is no direct ratio. For example, it does not necessarily hold true that it
would require twice as long, nor would the magnitude of the effort necessarily
be twice as great, to launch a given vehicle requiring 40 cperations as com-
pared to launching another vehicle requiring 20 operations. The first ob-
jective in listing these supporting operstions was to be sure (within the extent
of knowledge available) to describe all those operations required. The break—
dowm of each major operation is to some extent arbitrary. In any case, the
Function and Task Analysis has treated each operation and event individually
in estimating the required time, personnel, auxiliary equipment, etc.

It is pointed out that the sequences of thls appendix were derived
early in the study, and as such, may not be completely consistent with the
later findings outlined in Volume II. However, these event sequences do pro-
vide a reasonable base on which to evaluate the required orbital support
functions and to make estimations of manpower and equipment for the required
support.




APPENDIX A.l

EVENTS BREAKDOWN OF MAJOR OPERATIONS - MARS FLYBY VEHICLE

Major Operation No. Ivent Description of Operations & Events

1 Launch Mars Flyby Vehicle to Barth orbit
(menned by part of checkout crew)

Launch to parking orbit
Beparete and jettison fairing
Transfer to assembly orbit
Activate vehicle guidance system

FwRR

28 Taunch Orbital Support Vehicle to Earth
(w/o OLSF) Orbit (menned by rest of checkout crew)

Launch to parking orbit
Separate and jettison fairing
Transfer to assembly orbit

w -

2b Transfer Orbitel Support Vehicle to
(with OLSF) Mission Vehicle

iR Transfer rest of checkout crew from
OLSF to support vehicle.

2 Separete support vehicle from OLSF.

3 Transfer support wvehicle to mission
vehicle,

3 Rendezvous and Dock Orbital Support
Vehicle with Mission Vehicle

Pexrform rendezvous maneuver

Dock support vehicle w/mission veh.
Crew transfer as required for
erection operations.

Deactivate all RF equipment
Deactivate required pyrotechnics
Activate RF equipment

o s Wi

L Perform Erection Operations on Mission
Vehicle

Initiate erection operations
Position mission command module on
spoke

Rotate and position service module
on spoke '

Extend spokes

Lock spokes and modules in position .
Effect pressurization seals at fold-

lines

(02N, BE — g 1) N =




. Ma jor Operation No. Event

6(continued)

w M+ = W

LV

Fw

wMnH

Description of Operations & Events

(a) Perform welding operations
at foldlines.

Reposition internal arrangement of
command module.

(a) Reposition displays and
controls.

(v) Reposition mission command-
ers restraint systenm.

Assemble elevator in spoke assembly.

Perform checkout of Mission Vehicle

Activate vehicle pressurization sys=-
tem.

Activate vehicle primary electrical
power system.

Perform checkout of mission vehicle.

Verify status of all systems - call
for next payload.

Launch Propellant Tanker No. 1 to
Earth Orbit (unmanned)

Launch to parking orbit
Separate launch fairing
Transfer to assembly orbit

Rendezvous and Dock Propellant Tanker
No. 1 to Mission Vehicle

Perform rendezvous maneuver.

Dock propellant tanker to mission
propulsion module.

Position propellant transfer lines
Confirm status - call for next pay-
load.

Launch Propellant Tanker No. 2 to
Earth Orbit

A-3

Iaunch to parking orbit
Separate launch fairing
Transfer to assembly orbit



Major Operation No. Bvent Description of Operations & Events - .

9 Rendezvous and Dock Propellant Tanker
No. 2 to Mission Vehicle

1 Perform rendezvous meneuver

2 Dock propellant tanker to mission
propulsion module., '

3 Position propellant transfer lines.

10 Perform Checkout of Mission Vehicle

1 Activate all systems

2 Perform and monitor checkout of
mission vehicle.

3 Complete vehilcle checkout - verify
vehicle ready for propellant trans-
fer.

11 Perform Propellant Transfer from Pro-

pellant Tankers to Mission Vehicle
Earth Escape Booster

1 Initiate propellant transfer opera-
tion.
2 Observe propellsnt transfer areas

of possible leakage.

Observe vent lines for proper vent-
ing.

Monitor propellant mass transferred -
terminate propellant transfer at
pre-~-determined quantity.

Terminate transfer operation.

Verify status of vehicle and quantity
of propellants.

= W

[6)RN,}

12 Separate Propellant Tankers

Separate tankers from mission wvehicle.
Position propellant tankers away from
mission wvehicle,

Inspect propellant servicing areas.
Conduct visual inspection of structure
for possible damage incurred during
separation of tanker modules.

N

=W

13 Perform Checkout of Mission Vehicle

Deactivate all RF systems.
Activate pyrotechnic systems.
Activate all required systems.
Confirm ephemeris data.

Conduct checkout of mission vehicle. .

W O
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Major Operation No.

13 (continued)

1k

15

16

Bvent

6
7
8

\O

10

N

N =W
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Description of Operations & Events

Complete checkout - confirm status

of wvehicle.

Position support vehicle for servicing
mission vehicle.

Connect service lines from support
vehicle to mission wvehicle.

Perform service functions - top off
all systems as required.

Confirm status of nission vehicle for
orbit launch. Verify vehicle ready
for mission crew.

Separate Orbital Support Vehicle -
Transfer to Parking Orbit

Separate support vehicle with majority
of checkout crew aboard from mission
vehicle,

Transfer support vehicle to parking
orbit,

Note: Support vehicle waits in orbi~
for launch of mission vehicle. The
parking orbit will be such that the
support vehicle can provide television
coverage of the orbit launch. Also,
the support vehicle must standby to
effect possible emergency repairs
prior to launch.

Launch lission Crew Caxrrier to Farth
Orbit (manned by uission crew)

Launch to parking orbit

Separate and jettison fairing and
launch escape propulsion.
Transfer to asseubly orbit.
Separate payload and boost stoze.

Rendezvous and Docl: Mission Crew Carrier
with Mission Vehicle

A-5

Perform rendezvous maneuver,

Dock Mission Crew Carrier with
Mission Vehicle.

fission crew transfer to mission
vehicle.

Final part of checkout crew trans-
fer to mission crew carrier,



Ma jor Operation No.

17

18

19

20

Event

-~I0N E W

Description of Operations & BEvents

Separate Mission Crew Carrier and Trans-
fer to Parking Orbit

Separate Mission Crew Carrier (man-
ned by part of checkout crew) from
mission vehicle.

Transfer mission crew carrier to
parking orbit.

lote: Mission Crew Carrier waits in
orbit for lsunch of mission wvehicle.
The perking orbit will be such that
the support vehicle can provide tele-
vision coverage of the orbit launch.
The mission crew carrier must also
standby to effect possible emergency
repairs prior to launch.

Mission Crew Conduct Mission Readiness
Test

Perform mission readiness test -
checkout all systems operation -
confirm status.

Perform simulated countdown and
launch.

Confirm ephemeris data and vehicle
attitude for launch.

Confirm wvehicle ready for countdown.

Conduct Pre-launch Operations and
Countdown

Initiate pre-launch operations
Verify status of wvehicle systems
Monitor bio-med. data: verify mis-—
sion personnel ready.

Initiate simulsted countdown.
Complete pre-launch operations and
countdown.

Confirm vehicle status.

Establiish vehicle ready for final
countdown.

Initiate Final Countdown

Start countdown of mission wvehicle.
Confirm relative position of Sup-
port Vehicle and Mission Crew
Carrier.

Complete all countdown up to auto-
matic sequence portion.




‘ Major Operation No. Bvent Description of Operations & Events

20 (continued) Y Initiate countdown "hold" - synchronize
launch time with automatic launch
count.

5 Initiate sutomatic countdown sequence.

21 Mission Vehicle Launch

1 Initiate launch sequence.

2 Launch from orbit.

3 Support wvehiecles monitor lsunch.
L Support vehicle and mission crew

carrlier returm to station.

A-T



APPENDIX A.2

EVENTS BREAKDOWN OF MAJOR OPERATIONS - MARS CAPTURE VEHICLE

Ma jor Operation No.

1

3a
(w/o OLSF)

3b
(with OLSF)

Event

N

A\ Fw

'_l

W o

®P-~3 O\

W o

Description of Operations & Events

Launch M-3 and M-4 Stages and Life Support
Section (ISS) to Earth Orbit. MNote: Man-
ned by part of checkout crew.

Launch to parking orbit

Separate and jettison falring and
launch escape propulsion.

Transfer to assembly orbit.

Separate payload and boost stage.
Separate launch structure and adaptor.
Activate navigation and guidance sys-
tems.

Conduct Checkout of M-3 and M-4 Stages
and ISS

Reposition re-entry wvehicle for mis-
sion.

Crew transfer to ISS.

Deactivate required systems.
Deactivate and/or remove required
pyrotechnics,

Store pyrotechnics as required.
Activate required systems.

Perform checkout of re-entry wvehicle
Verify status of re-entry wvehicle -
call for nexi payload.

Launch Orbital Support Vehicle No. 1
(manned by rest of checkout crew)

Launch to parking orbit.

Separate and jettison fairing and
launch escape propulsion.
Transfer to assembly orbit.

Transfer Orbital Support Vehicle to LSS
(manned by rest of checkout crew)

Transfer checkout crew from OLSF to
support vehicle.

Separate support vehicle from OLSF.
Transfer support vehicle to LSS,

Rendezvous and Dock Orbital Support
Vehicle with ISS

Perform rendezvous maneuver




lMajor Operation No.

4 (continued)

Ch

Ivent

w - = whi
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Description of Operations & Events

Doek support vehicle to 1SS section
Crew transfer as required for mission
vehicle checkout operations.

Confirm mission vehicle status - call
for next payload.

Launch M-2 Stage Payload to Earth Orbit

Launch to parking orbit
Separace and jettison fairing
Transfer to asseubly orbit

Rendezvous and Dock li-2 Stage Payload
to li=3 Staze

Perform rendezvous maneuver.
Align li-2 Stapge to i-3 Stage.
Dock -2 Stage to 1i-3 Stage.
Confirm status of mission vehicle
separate 1i-2 Stape payload and
transtagze.

Assembly M-2 Stage to M-3 Stage

Checkout crew transfer as required
for assetbly operations.

Confirm alirnment of electrical
ccrmectors at interface of [i-2 and
il~3 Stages.

Confirm alignuent of plumbing
connectors at interface of -2 and
1{i~3 stages.

Couplete assenbly operations. Se-
cure uechanical attachuwents at in-
terface.

Install separation system. Note:
Pyrotechnic system deactivated and/or
grounded., ‘

Confirm assenbly operations complete.

Perform Checkout of M-2 Stage

Activate mission vehicle checkout
equipnent.

Perform checkout of mission vehicle
svstems,

Confima status of mission vehicle
systems - call for next payload.



Major Operation No.

9

10

11

13

14

Byent

W+

ViEWND -

W

Description of Operations & Lvents

Lounch Ii-1B Staje Payload to Barth Orbit

Launch to parking orbit
Separate and jettison fairing
Transfer to assembly orbit

Rendezvous and Dock [M-1B Stage Payload
to M-2 Stapge

Perform rendezvous maneuver
Align M-1B Stage to M-2 Stage
Dockk M~-1B Stage to M-2 Stage
Confirm status of mission vehicle
Separate M-1B stage and transtage

Assemble li-1B Stage to M-2 Stage

Checkout crew transfer as required
for assembly operations

Confirm alignment of electrical
connectors at interface of i-1B &
M-2 Stages

Confirma aligniment of pluwbing
commectors at interface of M-2 & M-3
Stages

Complete asserbly operations. Secure
mechanical attachments at interface.
Install separation system, HNote:
Pyrotechnic system deactivated and/or
grounded.,

Cenfimi assenbly operations couplete.,

Perform Checliiovt of lM-1B Stage

Activate wission veliicle checkout
equipuent

Perform checkout of mission wehicle
systens ‘

Confirm status of wission vehicle
systemns - call for next payload.

Launch M-JA Stage Payload to Barth Orbit
Launch to parking orbit
Separate and jettison fairing

Transfer to asseumbly orbit

Rendezvous and Dock li-1A Stage Payload
to 14-1B Stage

Perform rendezvous maneuver
Align 11-1A Stage to 1i-1B Stage
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Major Operation No.

14 (continued)

15

16

17a
(w/o OLSF)

1To
(with OLSF)

o

= W

w N

Description of Operations & Events

Dock M-lA Stage to M-1B Stage
Confirm status of mission wvehicle
Separate M-lA stage and transtege

Assemble M-1A Stage to M-1B Stage

Checkout crew transfer as required
for sssembly operations.

Confirm alignment of electrical
connectors st interface of M-1B and
M-1A steges.

Confirm alignment of plumbing
comectors at interface of M-2 & M-3
Stages.

Complete assembly operations. Secure
mechanical attachments at interface.
Confirm assembly operations complete.

Perform Major Checkout of Complete
Mission Vehicle

Activate mission vehicle checkout
equipment

Perform major checkout of mission
vehicle systems

Confirm status of mission vehicle
systems

Establish logistics requirements -
call for next orbital support vehicle

Launch Orbital Support Vehicle No. 2

Iaunch to parking orbit
Separate and jettison launch fairing
Transfer to assembly orbit

Transfer Orbital Support Vehicle for
Resupply

A-11

Transfer support vehicle from 1SS
to OLSF

Rendezvous and dock support vehicle
with OLSF

Transfer logistic requirements for
mission vehicle from OLSF to support
vehicle

Transfer support vehicle from OLSF
to LSS



Major Operation No. vent Description of Operations & Ivents ‘

18 Rendezvous and Dock Orbital Support
Vehicle to IS5

1 Perform rendezvous uaneuver

2 Dock support vehicle to ISS

3 Transfer logistics requirements from
support vehicle to LSS

L Confirm mission vehicle status -
ready for service functions

19 Perform Service Functions - Refurbish
Mission Vehicle Systems

1 Connect service lines

2 Service systems as required

3 Re~establish mission spares level

L Perform routine maintenance items

5a Establish routine duty cycle and

(w/o OLSF) maintenance shifts.
5b Return personnel to OLSF as appli-
(with OLSF) cable. Partial manning of OLV for
routine waintenance. Return support
vehicle to OLV when next payload is
launched.

6 When applicable, confirm mission
vehicle status acceptable for next
payload.

20 Launch Propellant Tanker No. 1 to Barth
Orbit

1 Launch to parking orbit

2 Separate and jettison launch fairing

3 Transfer to assembly orbit

21 Rendezvous and Dock Propellant Tanker
No. 1 with Mission Vehicle

1 Perform rendezvous maneuver

2 Dock propellant tanker to mission
propulsion module.

22 Position Propellant Tank Module and
Connect Service Lines

1 Align propellant tank module as re-
quired.

2 Remove covers from propellant transfer
areas

3 Connect propellant transfer lines

L Call for next payload
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Ma jor Operation No.

23

2k

25

26

27

28

29

30

Event

w

Description of Operations & Events

Launch Propellant Tanker No. 2 to Earth
Orbit

Events same as for Major Operation
No., 20

Rendezvous and Dock Propellant Tanker
No. 2 with Mission Vehicle

Events same as for Major Operation
No. 21

Position Propellant Tank Module and
Connect Service Lines

Ivents same as for Magjor Operation
No. 22

Launch Propellsnt Tanker No. 3 to
Barth Orbit

BEvents same as for Major Operation
No. 20

Rendezvous and Dock Propellant Tanker
No. 3 with Mission Vehicle

Events same as for Major Operation
No. 21

Position Propellant Tank Module and
Connect Service Lines

Events same as for Mejor Operetion
No. 22

Perform Checkout of Mission Vehicle

Activate all systems

Perform and monitor checkout of OLV
Complete mission wvehicle checkout -
verify mission vehicle ready for
propellsnt transfer

Perform Propellant Transfer Operation

A-13

Initiate propellant transfer opera-
tion

Observe propellant transfer areas for
possible leakage

Observe vent lines for proper venting



Major Operation No, Lvent Description of Operations & Bvents . .

30 (continued) L lonitor propellant mass transferred-
terminate propellunt transfer at pre-
determined quantity

5 Terminate transfer operation
6 Verify status of mission vehicle and
quantity of propellants

31 Separate Propellant Tankers from OLV

Separate propellant tankers

Position tankers away from OLV
Inspect propellant servicing areas

for security

Conduct wvisual inspection of struc-
ture for any possible damage in-
curred during separation of propellant
tanker nodules

=~ WM

32 Perform Checkout of OLV
1 Deactivate all RF systeums
2 Activate all pyrotechnic systems
3 Activate all required systems
L Conduct checiiout of OLV
5 Conplete checkout of OLV - establish

logistics requirements for OLV

33a Launch Orbital Support Vehicle No. 3 to
(w/o OLSF) Karth Orbit
1 Launch to parking orbit
2 Separate and jettison launch fairing
3 Transfer to assembly orbit
33b Transfer Orbital Support Vehicle from
(with OLSF) LSS to OLSF
1 Transfer support vehicle from LSS
to OLSE
2 Rendezvous and dock support wvehicle
with OLSF
3 Transfer logistics requirements for
mission vehicle from OLSF to support
vehicle
L Transfer support vehicle from OLSF
to IS5
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Major Operation No.

34

35

36

37

38

Bvent
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Descr;ption of Operations & Bvents

Rendezvous and Dock Orbital Support
Vehicle to LSS

Perform rendezvous maneuver

Dock support vehicle to LSS
Transfer logistics requirements
from support vehiclie to IS5
Confirm mission vehicle ready for
service

Perform Service Functions - Refurbish
Mission Vehicle

Connect service lines

Re-establish mission spares level
Complete routine maintenance checks
Confirm mission vehicle ready for
mission crew,

Launch Mission Crew Carrier - Manned by
Mission Crew

Launch to parking orbit

Separate and jettison fairing and
launch escape propulsion.
Transfer to assembly orbit
Separate payload and boost stage

Rendezvous and Dock Mission Crew Carrier
with LSS

Perform rendezvous maneuver

Dock mission crew carrier with mis-
sion vehicle

Mission crew transfer to mission
vehicle

Part of checkout crew transfer to
mission crew carrier

Complete service functions on all OLV
systems

Al} remaining checkout crew transfer
to support vehicles

Separate Orbital Support Vehicles No. 1,
2, and 3 and Misslion Crew Carrier
(manned by Checkout Crew)

Separate support vehicles from mis-

sion vehicle
Transfer to parking orbit
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Major Operation No.

39

4o

L

k2

43

BEvent
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i E W

Description of Operations & Events - .

Transfer Orbital Support Vehicles and
Mission Crew Carrier to Parking Orbit

Transfer vehicles to parking orbit.
Note: Mission Crew Carrier waits in
orbit for launch of OLV. The park-
ing orbit willl be such that the
support vehicle can provide tele-
vision coverage of the orbit launch.

Mission Crew Conduct Mission Readiness
Test

Conduct Pre-Launch Operations and
Countdown

Perform mission readiness test -
checkout all systems operation -
confirm status

Perform simulated countdown and
launch

Confirm ephemeris date and mission
vehicle attitude for launch
Confirm mission wvehicle ready for
countdown.

Initiate pre-launch operations
Verify status of milssion wehicle
systems

Initiate simulated countdown
Coinplete pre-launch operations &
countdown

Confirm mission wvehicle status
Establish mission vehicle ready
for final countdown

Initiate final countdowm

Initiate countdown

Complete all countdown up to auto-
matic sequence portion.

Initiste countdown "hold" - synchronize
launch time with autometic launch count.
Initiate automatic countdown sequence
Confirm relative position of support
vehicles

Mars Capture Mission - Launch

A-16

Initiate launch sequence
ILaunch mission vehicle from eaxrth
orbit




Major Operation MNo. svent Description of Operations & Events

43 (continued) 3 Support vehicles monitor launch and
confirm injection

Ly Orbital Support Vehicles and Mission
Crew Carrier Return to Station

la Return to Earth.
(w/o OLSF)
b Support vehicle return to OLSF.
(with OLSF) Mission crew carrier return to Earth.
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APPENDIX A.3

EVENTS BREAKDOWN OF MAJOR OPERATIONS - LUNAR FERRY

Ma.jor Operation No.

1

2a
(w/o OLSF)

2b
(with OLSF)

Event

£ W o AU Fw o

0w n w N

OO 30\

10

Description of Operations & Bvents

Launch Nuclear Propulsion Module and
Lunax Ferry Comnand Module to Easrth
Orbit

Launch to parking orbit

Separate and jettison fairing
Transfer to assembly orbit

Separate payload and boost stage
Separate launch structure and adapter
Activate Ferry guldance systen.

Leunch Orbital Support Vehicle (with
Checkout Crew) to Earth Orbit

Launch to parking orbit

Separate and jettison fairing
Separate payload and boost stage
Transfer support wvehicle to assembly
orbit.

Transfer Orbital Support Vehicle (with
Checkout Crew) to Lunar Ferry.

Transfer checkout crew from OLSF
to support vehicle.

Separate suppert wvehicle frow OLSF.
Transfer support vehicle fror OLSF
to Lunar Ferry command module.

Rendezvous and Dock Suppoit Vehicle with
Tunar Ferry Comnand liodule

Perforin rendezvous maneuver

Dock support vehicle with Lunar Fexrry
command module

Crew transfer from support vehicle
to Lunar Ferry commend module
Perform checkout of life support and
electrical power systems

Deactivate all RF equipment
Deactivate destruct systems

iixit Lunar Ferry coummand module (as
required)

Renove pyrotechnic devices

Remnove destruct unit. frow nuclear

engine
Store pyrotechnics and destruct unit ‘
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lajor Operation No,

3 (continued)

Lvent Description of Operations & Events

11 Install fuses in places of pyro-
technics.,

12 Connect servieing lines from support
vehicle to Lunar Ferry command uodule

13 Perfora service operations

1 Disconnect service lines

15 Activate RF systems - confirm status

16 Replace routine replacement items
(if required)

(a) Guidance equipment
(b) Reaction control
propellant systems

Perform Checkout of Nuclear Propulsion
JModule and Lunar Ferry Command Module

1 Conduct visual inspection of external
structure

2 Conduct complete checkout of mission
vehicle systems

3 Verify all systems status - establish

replacement items required to bring

mission wvehicle status to mission

readiness condition.

Deactivate non-essential systems.

Call for next wvehicle from Earth

base.

6 Reposition support wehicle away from
primary docking fixture.

o

Launch Mission Crew and Passenger Carrier,
Lunar Cargo Module No. 1 and Propellant
Tanker Module No. 1 to Earth Orbit

Launch to parking orbit

Separate and jettison fairing and
launch escape propulsion as required
Transfer to assembly orbit

Separate payload and boost stage

N

W

Rendezvous and Dock with Lunar Ferry
Command Module

1 Perform rendezvous maneuver

2 Dock lission Crew Carrier, Lunar
Cargo Module No. 1 and Propellsnt
Tanker Module No. 1 to Lunar Ferry
cormand module.
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Major Operation No. Event Description of Operations & Events - ‘

6 (continued) 3 Transfer personnel and handesrry
cargo (if applicable) from carrier
to Lunar Ferry command module.
Deactivate all RF equipment.
Deactivate pyrotechnic devices on
Mission Crew and Passenger Carrier,
Lunar Cargo Module No. 1 and
Propellant Tanker Module No. 1.
Store pyrotechnic devices
Activate required systeus
Remove covers from propellant
sexrvicing areas of propellant tanker
No. 1 and propulsion module.
9 Verify mission vehicle ready for
payload positioning.

\S I ~of

-3 O

T Position Propellent Tanker lodule No. 1
and. Innar Carpgo Module No. 1 on Nuclear
Propulsion Module ’

Bxecute payload turn around.
Position front of propellant tank
RNo. 1 adjacent to propulsion module
Separate propellant tanker No. 1
from cargo module No. 1

Position propellant tanker No. 1

parallel with propulsion module

and attach required structure.

5 Confirm alignment of propellant
transfer lines between propellant
tanker No. 1 and propulsion module.

6 Continue rotation and positioning

of lunar carpo module No. 1.

Position cargo module No. 1 in front

of propulsion module.

[V

= w

8 Retract booms - confirm positioning
of cargo module No. 1 on propulsion
module.

9 Attach cargo module No. 1 to pro-
pulsion module.

10 Separate mission crew and passenger
carrier No. 1 from cargo module No.l
11 Extend booms and rotate carrier and

Lunexr Ferry command module.

8 Transfer lission Crew and Passenger
Caxrrier No. 1 to Parking Orbit

1 Transfer persomnel (as required)
from Lunar Ferry commend module to
carrier.
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Ma jor Operations No.

8 (comtinued)

10

Bvrent
2

3
L

O @

n

W

W =

Description of Operations & Events

Install pyrotechnics (as required)
on carrier.

Verify cerrier status acceptable for
orbital stay.

Separate personnel carrier from Lunar
Ferry command module.

Transfer carrier to parking orbit.
Note: Mission Crew and Passenger
Carrier waits in orbit for return

of Lunar Ferry. The parking orbit
will be such that the carrier can
provide television coverage of orbit
launch of Lunar Ferry. If Lunar
Ferry command module does not have
Earth re-entry capability, this
carrier must also standby for
personnel rescue.

Repeir and or refurbish Lunar Ferry
Command. Module systems as required.
Confiram status of wmission wvehicle
and establish spare parts require-
ments.,

Deactivate non-essential systems.
Call for next vehicle from Earth
base.

Launch Mission Crew and Passenger

Carrier No. 2, Lunar Cargo Module No.
2 and Propellant Tanker Module No. 2
to BEarth Orbit ‘

Launch to parking orbit

Separate and Jjettison fairing and
launch escape propulsion as required.
Transfer to assembly orbit.

Separate payload and boost stage.

Rendezvous and Dock No. 2 ILV Payload
with Lunar Ferry Command Module

A-21

Perform rendezvous maneuver

Dock Migsion Crew and Passenger
Carrier, Lunar Cargo Module No. 2
and Propellant Tanker Module No. 2
to Lunexr Ferry command module,
Transfer personnel and handcaxry
carco (if applicable) from carcier
to lunar Ferry command wmodule.
Deactivate all RF equipment.
Deactivate pyrotechnic devices on
Mission Crew and Passenger Carrier,
Lonar Cargo Iodule No. 1 and Pro-
pellant Tanker Module No. 1.



Major Operation No.

16, (continued)

Event

o

L ¥

Vi W

Description of Operations & Events

Store pyrotechnic devices,
Activate required systems.

Remove covers from propellent
servicing areas of propellant tank-
er and propulsion module.

Verify mission vehicle ready for
payload positioning.

Position Propellant Tanker Module No. 1
and Lunar Cargo Module No. 1 on Nuclear
Propulsion Module

Execute payload turn around.
Position front of propellant tank
No. 2 adjacent to propulsion module.
Separate propellent tanker No. 2
from cargo module.

Position propellent tanker No.2
parallel with propulsion module and
attach required structure.

Confirm alignment of propellant
transfer lines between propellant
tenker No. 2 and propulsion module.
Continue rotation and positioning of
lunar cargo module No. 2.

Position cargo module No. 2 in front
of cargo module No. 1

Retract booms - confirm positioning
of cargo module No. 2 on cargo module
No. 1.

Attach cargo module No. 2 to cargoe
module No. 1.

Separate caxrrier from cargo module
No. 2.

Extend booms, rotate carrier and
Lunaxr Ferry command module.

Position Iunar Ferry command module
on cargo modules. '

Transfer Mission Crew and Passenger
Carrier No. 2 to Parking Orbit

A-22

Transfer personnel (as required)
from Lunar Ferry commend module to
carrier.

Tnstall pyrotechnics (as required)
on carrier.

Verify cerrier status accepteble
for orbitsl stay.

Separate carrier from Lunar Ferry
comend module. '
Transfer carrier to parking orbit.




Major Operation No.

12 (continued)

13

14

15

Ivent
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Description of Operations & Bvents

Note: Illission Crew and Passenger
Carrier waits in orbit for returm
of Lunar Ferry. The parking orbit
will be such that the carrier can
provide television coverage of
orbit launch of Lunar Ferry. If
Lunar Ierry comand nodvle does not
have BEarth re-entry capebility,
this carrier must standby for
personnel rescue.

Repair and/or refurbish Lunar Ferry
cormand module systems as required.
Confirm status of mission vehicle.

Perform Checkout of Lunar Ferry

Activate all systens

Perform and monitor checkout of
Lunay Terry systems.

Complete mission vehicle checkout -
verify mission vehicle ready for
propellant transfer,

Perform Propellant Transfer from
Propellant Tankers to Nuclesr Propul-
sion liodule

Initigte propellant transfer opera-
tion.

Observe propellant transfer areas

for possible leakace.

Observe vent lines for proper venting
Monitor propellant nass transferred -
terminate transfer at pre-determined
quantity (this quantity dependent upon
mission velocity requirements).
Terminate transfer

Verify status of mission vehicle

and quantity of propellants.

Separate Propellent Tanker Modules
from Iuclear Propulsion Module
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Separate propellant tanker modules
away from nuclear propulsion module.
Position tanizer uodules away frou
nuclear propulsion nmodule.

Inspect propellant servicing arsas -
replace servicing area covers.
Conduct wvisual inspection of struc-
ture for possible damase incurred
during separation of tanker wmodules.



Major Operation No. Event Description of Operations & Events . ’

16 Perform Checkout of Lunar Ferry

1 Turn~-off all RF and other non-essential
systems.

2 Install pyrotechnics, shaped charges,
and destruct units as required on
Lunar Ferry.

3 Store pyrotechnics in Lunar Fexrry

(pyrotechnics to be utilized in

lunar orbit).

Activate all systems.

Confirm ephemeris data.

Conduct checkout of mission vehicle

systems.

Complete checkout - confirm status

of mission vehicle. :

Position support vehicle to primary

docking structure.

Connect service lines from support

vehicle to Lunar Ferry command

module.

10 Perform service functions - top off
all systems as required.

1 Confirm status of mission vehicle for

orbit launch.

Install pyrotechnics in support

vehicle.

Checkout crew transfer from Lunar

Ferry command module to support veh.

0 o =3 ()R, IR —y
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17 Separate Orbital Support Vehicle (with
Checkout Crew) and Transfer to Parking
Orbit

1 Verify support vehicle status eccept~
able.

2 Separate support vehicle from Lunar

' Ferry command module.

3 Transfer support vehicle to parking
orbit,.
Note: Orbital support vehicle walts
in orbit for return of Lunar Ferry.
The parking orbit will be such that
the support vehicle can provide
television coverage of orbit launch.
Also, the support vehicle must stand-
by to effect possible emergency
repairs prior to launch.
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Major Operation No.
18

19

20

21

Ivent

IO wiE WO

Description of Operations & Events

Mission Crew Perform Mission Readiness
Test

Perform mission reediness tests -
checkout all systems operation -
confirm status.

Perform simulated countdown and
launch ~ confirm status and launch
Confirm epheneris data and mission
vehicle attitude for launch.
Confirm vehicle ready for countdowm.

Conduct Pre-Launch Operations and
Countdowm ‘

Initiate pre-launch operations.
Verify status of vehicle systems.
lionitor bio-med. data - verify all
personnel ready.

Initiate simulated countdown.
Complete pre-launch operations and
countdown.

Confirm mission vehicle status.
Establish mission vehicle ready
for final countdown.

Initiate Final Countdown

Start countdown of Lunar Ferry

Confirm relative position of

carriers No. 1 and 2, aand support
vehicle,

Note: This relative position must

be compatible with television cover-
age requirements, and separation
distances for protection from nu-

clear radiation during overflight
and/or flyoy.

Complete all countdown up to auto-
matlic sequence portion.

Initiate countdown "hold" - synchronize
launch time with automatic leunch count
Initiate automatic countdown sequence

Lunar Ferry Launch
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Initiate launch sequence ~ engine
start and thrust buildup.

Monitor orbit launch sequence - con=-
firm translunar injection.



M¥a jor Operation lo. Iivent Description of Operations & Lvents

21 (continued) 3a Carriers No. 1 and 2, and support
(w/o OLSF) vehicle subimit to station keeping
requiremnents and wait for return
of Lunar Ferry.
3b Carrier No. 1 and lo. 2, and support
(with OLSF) vehicle transfer to OLSF. Crew
waits at OLSF for return ¢f Lunar

Ferxy.
22 Iunar Ferry Return to Earth Orbit

Inject into Earth orbit

Deactivate non-essential systems
Activate rendezvous system

When engine thrust has decayed -~
verify wvehicle ready for rendezvous
operations.

Rl UVRVIN

23 Transfer to Assembly Orbit

Note: If OLSF is assuned the Lunaxr
Ferry will transfer to OLOF orbit.
With no OLSF, the Lunar Ferry will not
transfer, but will inject directly to
the assembly orbit.

1 Perforn transfer iianeuver.
2 Position Lunar Ferry for rendezvous
operations.
24 Orbital Support Vehicle (with checkout

crev), Rendezvous and Dock with Lunar
Ferry Command Module

Transfer from parking orbit (or
OLSF) to assembly orbit.

Perform rendezvous nmeneuver,

Dock support wvehicle to ILunar Ferry
cormend module,

Deactivate all RF equipments.
Deactivate pyrotechnics,shaped
charges and destruct units.

Remove pyrotechnics and store.
Activate required systems.

Position support vehicle away from
primary docking assembly.

Call carrier No. 1 for crew transfer.

O Iy WnmE W el
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HMajor Operation No.

25

26

o !

28

29

Event
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1

Description of Operations & Bvents

Mission Crew and Passenger Carrier No., 1
Rendezvous and Dock with ILunar Ferry
Command Module

Transfer from parking orbit (or
OLSF) to assembly orbit.

Perform rendezvous maneuver,

Dock carrier to command module
Transfer personnel from Lunar Ferry
cormand module to carrier No. 1.
Complete personnel transfer and
verify carrier No. 1 ready for
separation and re-entry.

Separate llission Crew and Passenger
Carrier No. 1 and Transfer for Return
to Darth

Separate carrier No. 2

Transfer to pariing orbit for re-
entry.

Call carrier No. 2 for crew trans-
fer.

Mission Crew and Passenger Carrier No. 2
Rendezvous and Dock with ILunar Ferry
Comnand lModule

Transfer from parking orbit (or OLSF)
to assenbly orbit.

Perform rendezvous maneuver.

Dock caxrier No., 2 to conmend modile
Transfer personnel from Lunar Ferry
cormand nodule to carrier No. 2.
Complete personnel transfer and
verify carrier llo. 2 ready for
separation end re-entry.

Separate Mission Crew and Passenger
Carrier No. 2 and Transfer for Return
to Barth

Separate carrier No. 2
Transfer to parking orbit for re-
entry.

Perform Post-Flight Checkout of Lunar
Ferry

Repair defective items noted Hy
nission crewv.
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Major Operation No. Event Description of Operstions & Events - ’

29 (continued) 2 Perform visual check of nuclear core
(performed with remote T.V. unit)
3 Perform neutron pulse check of
nuclear engine
L Conduct complete checkout of mission
vehicle systems
5 Verify all systems status - establish

speres requirements (with Earth
facilities) for next Lunar Ferry
cycle.

6 Deactivate non-essential systems.
T Rotate support vehicle to primary
docking structure,
8 Verify stetus of support vehicle.
9 Checkout crew transfer to support
vehicle.
30 Separate Support Vehicle and Transfer
for Return to Station
1 Separate support wvehicle from Lunar

Ferry cormand module. Transfer to
parking orbit for return to Barth
base or OLSF.
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APPENDIX Ak

EVENTS BREAKDOWN OF MAJOR OPERATIONS ~ MARS LANDING CONVOY

Major Operation No, © bBvent Description of Operations & Events

1 Launch Life Support Section (ISS) to
Barth Orbit. Note: Manned by Checkout
Crew

ILaunch to parking orbit

Separate and jettison fairing and
escape propulsion

Transfer to assembly orbit

Separate payload and boost stage
Separate leunch structure and adaptor
Activate 1SS stabillzation system

no

[0 )30, B g ¥V}

2 Conduct Checkout of Life Support Section

Reposition re-entry vehicle for entry
into LSS,

Crew transfer to LSS

Deactivate required systems
Deactivate and/or remove non-essential
pyrotechnics

Store pyrotechnics as required
Activate required systems

Perform checkout of 1SS

Complete checkout, call for next
payload

=31 Cv\n W O o

3a Launch Orbital Support Vehicle to Barth
(w/o OLSF) Orbit. Note: Ianned by Checkout Crew

Isunch to parking orbit

Separate and jettison fairing and
escape propulsion

Transfer to assembly orbit
Separate payload and boost stage

o o

=W

3b Transfer Orbital Support Vehicle to LSS
(with OLSF)
1 Transfer checkout crew from OLSF to
support vehicle
2 Separate support vehicle from OLSF
3 Transfer support vehicle to 1SS

b Rendezvous and Dock Orbital Support
Vehicle with 1SS

1 Perform rendezvous uaneuver
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Ma jor Operation No.

4 (continued)
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Description of Operations & livents

Dociz support wvehicle to LSS

Crew transfer as required for mission
vehicle checlkout operations. Confirm
riission vehicle status - call for
next peayload

Launch Crew Vehicle Propulsion lModule
to Larth Orbit

launch to parking orbit

Separste and jettison fairing
Transfer to assembly orbit
Separate payload and boosi stage

Rendezvous and Dock Life Support Section
to Crew Vehicle Propulsion Module

Perform rendezvous uaneuver

Alipgn 1SS to crew vehicle propulsion
module,

Dock 1SS to crew vehicle propulsion
module.

Assenble LSS to Crew Vehicle Propulsion
Module

Confirm alipnment of electrical
connectors

Confirm alirnment of fluid connectors
Complete assembly operations. Oecure
mechanical connectors

Install separation systen at separa-~
tion plane

Confirm assembly operations complete.
Call for next payload.

Launch Service Vehicle "A" to Barth
Orbit ‘

Launch to perking orbit

Separate and jettison fairing
Transfer to assernbly orbit
Position vehicle in assenbly orbit
Separate payload and boost stage

Launch Service Vehicle "B" to Larth
Orbit

Launch to parking orbit
Separate and jettison fairing
T™ansfer to assembly orbit




Major Operatlon No.

9 (continued)

10

13

Event
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Description of Operations & Events

Position vehicle in assembly orbit
Separate payload and boost stage

Checkout Crew Performs Inspection of
Mission Crew Vehicle '

Activate all mission vehicle check-
out equipment

Perform checkout of all mission
vehicle systems

Perform visual inspection of mission
vehicle structure

Confirm status of mission vehicle.
Establish spares requirement.

Checkout Crew Transfers to Service
Vehicle "A"

Checkout crew transfers to support
vehicle

Separate support vehicle from
Mission Crew Vehicle

Transfer to Service Vehicle "AM
Dock support vehicle to Service
Vehicle "AM

Checkout crew transfer to Service
Vehicle "A"™

Checkout Crew Performs Checkout of
Service Vehicle "A"

Activate all mission vehicle systems
Perform checkout of all mission
vehicle systems

Perform checkout of all auxiliary
mission vehicles

Perform visual inspection of mis-
sion wvehicle structure

Confirm mission vehicle status.
Establish spares requirement to
re-establish mission spares level.

Checkout Crew Transfers to Service
Vehicle "B"

A-31

Checkout crew transfers to support
vehicle

Separate support vehicle from Ser-
vice Vehicle "A"

Transfer to Service Vehicle "B"
Dock support wvehicle to Service
Vehicle "B"



Major Operation No. Event Description of Operations & Events - ‘

13 (continued) 5 Checkout Crew transfers to Service
Vehicle.
14 Checkout Crew Performs Checkout of

Service Vehicle "B"

Activate all mission wvehicle systems
Perform checkout of all mission
vehicle systems

Perform checkout of all auxiliary
mission vehicles

Perform visual inspection of mis-
sion vehicle structure

5 Confirm mission vehicle status.
Esteblish spares requirement. Call
for support wvehicle.

N

& w

15a Launch Orbital Support Vehicle
(w/o OLSF)

Launch to parking orbit
Separate and jettison fairing
Transfer to assembly orbit

w

( 15b Trensfer Orbital Support Vehicle for
with OLSF) Resupply

1 Transfer support vehicle from Ser-
vice Vehicle "B" to OLSF for re-
supply.

2 Rendezvous and dock support vehicle
with OLSF

3 Transfer logistics requirements, for
mission vehicles, from OLSF to
support vehicle.

L Transfer support vehicle from OLSF
to Service Vehicle "B"

16 Rendezvous and Dock Orbital Support
Vehicle with Service Vehicle "B"
1 Perform rendezvous maneuver
2 Dock support vehicle to Service
Vehicle "B"
3 Transfer logistics requirements to

Service Vehicle "B"

7 Service Vehicle "B" Repair and Refur-
bishment
1 Pexrform repair functions on Service ‘
Vehicle "B"
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Major Operation No.

17 (continued)

18

19

20

21

22

Event

s wh

|

¥ wp

Description of Operations & Events

Refurbish expendeble systems of
Service Vehicle "B"

Re-esteblish spares level in Service
Vehicle "B"

Recheck Service Vehicle "B"

Perform checkout of Sexvice Vehicle
llBﬂ
Confirm status of mission vehicle

Orbital Support Vehicle(s) Transfer to
Service Vehicle "AY

Separate support vehicle(s) from
Service Vehicle "B"

Transfer to Service Vehicle "A"
Dock support vehicle(s) to Service
Vehicle "A"

Transfer logistics requirements to
Service Vehicle "A"

Service Vehicle "A" Repair and Refur-
bishment

Perform repair functions on Service
Vehicle "A"

Refurbish expendable systems of
Service Vehicle "A"

Re-establish spares level in Service
Vehicle "A"

Recheck Service Vehicle A"

Perform checkout of Service Vehicle
IIA"
Confirm status of mission vehicle

Orbital Support Vehicle(s) Transfer to
Mission Crew Vehicle

Separate support vehicle(s) from
Service Vehicle "A"

Transfer to Mission Crew Vehicle
Dock support vehicle(s) to Mission
Crew Vehicle

Transfer loglstics requirements to
Mission Crew Vehicle
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Major Operation No. Event Description of Operations & Events . .

23 Mission Crew Repair and Refurbishment
1 Perform repair functions on Mission
Crew Vehicle
2 Refurbish expendable systems of
Mission Crew Vehicle
24 Recheck Mission Crew Vehicle
1 Perform checkout of Mission Crew
Vehicle
2 Confirm status of mission wvehicle.

Establish status of convoy vehicles
for integrated test.

25 Conduct Convoy Integration Tests

Activate command control systems
for convoy vehicles
Perform checkout of convoy vehicles
Perform simulated countdown and
launch
Deactivate non-essential systems
Confirm status of mission vehicles
for maintenance and surveillsnce
period
Perform tests of spine extension
Perform separation and assembly
operations required to provide Earth
re-entry with the re-entry wvehicle
and the M-I stage propulsion unit.
- Return vehicle to normal configura-
tion.

wmE Wi | o

~ o

26 Conduct Maintenance and Surveillance
of Convoy Vehicles

la Establish routine crew duty cycles
(w/o OLSF) for maintenance and surveillance of
mission vehicles.

1b Transfer support vehicle from crew
(with OLSF) vehicle to OLSF. (Contains check-
out personnel in excess of mission
crevw manpower level). Return sup-
port vehicle and personnel before
next Earth launch.

2 Monitor status of mission vehicle
system. Maintain mission vehicle
attitudes, separation and orbital
altitude.

3 Confirm status of mission vehicle
acceptable for next payload.
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. Major Operation No. Bvent Description of Operations & Events

27 Launch Propellant Tanker Module No. 1
to Earth Orbit

Launch to parking orbit
Separate and jettison launch fairing
Transfer to assembly orbit

w

28 Rendezvous and Dock Propellant Tanker
No. 1 with Mission Crew Vehicle

Remove service cover from propellant
servicing area

Perform rendezvous maneuver

Align propellant tanker with Mission
Crew Vehicle

Dock propellant tanker to Mission
Crew Vehicle

Confirm alignment of propellant
servicing lines

Confirm mission crew vehicle ready
for propellant loading

£ Wi

(o)

29 Conduct Propellant Transfer to Mission
Crew Vehicle

[

Perform propellant transfer opera-

tion

Monitor propellant servicing area

for leakage

Monitor vent system for proper

operation

Complete propellant servicing. Con-

firm propellant quantity in Crew

Vehicle propulsion stages

5 Establish and/or confirm relative
position of Mission Crew Vehicle in
convoy

6 Separate propellant servicing lines

T Install covers at propellant servicing

areas.

Confirm Mission wvehicle ready for

separation of propellant tanker.

N

E = V)

30 Transfer Orbital Support Vehicle (with
Checkout Crew) and Propellant Tanker
No. 1 to Service Vehicle "A"

1 Separate propellant tanker from
Mission Crew Vehicle
2 Position modules away from Mission
’ Crew Vehicle
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Ma jor Operation No. Event Description of Operations & Events

30 (continued) 3 Perform inspection of Mission Crew
Vehicle structure. Confirm status
due to propellant tanker separation.

L Trensfer support vehicles and

Propellant Tanker No. 1 from Mission

Crew Vehicle to Service Vehicle "A"

Perform rendezvous with Service

Vehicle "A"

Align Propellant Tanker No. 1 with

Service Vehicle "A"

Remove covers from servicing area

Dock Propellant Tanker No. 1 to

Service Vehicle "A"

Confirm alignment of propellant

servicing lines

10 Confirm Service Vehicle "A" ready

for propellant loeding

O - O\ \n

31 Conduct Propellent Transfer to M-2
Stage of Service Vehicle "A"

Perform propellant transfer operation

Monitor propellant servicing area for

leekage.

Monitor vent system for proper opera-

tion

Complete propellant servicing. Con-

firm propellant quantity in M-2

stage

5 Establish and/or confirm relative
position of mission vehicle in convoy
system

6 Separate propellant servicing lines

T Confirm mission vehicle ready for
separation of Propellant Tanker No. 1

8 Confirm mission vehicle ready for

Propellant Tanker No. 2

= w DR

32 Separate and Eject Propellant Tanker No. 1

1 Separate Propellant Tanker No. 1
from Service Vehicle "A"
2 Position tenker away from convoy and
eject out of respective ares ‘o
prevent inadvertent collision
33 Launch Propellant Tanker No. 2 to
Earth Orbit

Launch to parking orbit
Separate and jettison launch fairing
Transfer to assembly orbit

w N
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' Major Operation No. Event Description of Operations & Events

34 Rendezvous and Dock Propellant Tanker
No. 2 with Service Vehicle "A"
1 Perform rendezvous maneuver
2 Align propellant tanker with Service
Vehicle "A"
3 Dock tanker to Service Vehicle "aA"
4 Confirm alignment of propellant
servicing lines
5 Confirm Service Vehicle "A" ready

for propellent transfer

35 Conduct Propellant Transfer to M-3
Stage of Service Vehicle "A"

Perform propellant transfer opera-
tion
Monitor propellant servicing ares
for leakage
Monitor vent system for proper
operation
Complete propelleant servicing. Con-
firm complete service of Service
Vehicle "A" propellant
‘ 5 Establish and/or confirm relative
position of mission vehicle in con-
voy system
6 Separate propellant servicing lines
T Install covers on propellant servicing
areas
8 Confirm mission vehicle ready for
separation of propellant tanker

n

&~ W

36 Transfer Orbital Support Vehicle (with
crew) and Propellant Tanker No. 2 to
Service Vehicle "B"

1 Separate propellant tanker from
Service Vehicle "BY

2 Position modules away from Service
Vehicle "A"

3 Perform inspection of Service Vehicle
"B" structure. Confirm status due
to propellant tanker separation.

h Transfer support vehicle and Propellsut
Taenker No. 2 from Service Vehicle "A"
to Service Vehicle "B"

5 Pexrform rendezvous with Service Vehicle
i B"

6 Align propellant tanker with Service

‘ Vehicle "B"

A-3T7



Major Operation No. Event Description of Operations & Events .

36 (continued) T Remove covers from servicing area
8 Dock propellant tanker to Service
Vehicle "B"
9 Confirm alignment of propellant
servicing lines
10 Confirm Service Vehicle "B" ready
for propellant loading.
37 Conduct Propellant Transfer to Service
Vehicle "B"
1 Perform propellant transfer opera-
tion
2 Monitor propellant servicing area
for leakage.
3 Monitor vent system for proper
operation
L Complete propellent servicing.

Confirm propellant quantity in
Service Vehicle "B"
5 Estaeblish and/or confirm relative
position of mission vehicle in con-
voy .
Separate propellant servicing lines .
Install covers at propellant servicing
arees
Confirm mission vehicle ready for
separation of Propellant Tanker No. 2
Establish refurbishment requirements
for systems of convoy wvehicles to
bring systems to mission readiness
condition.

O 0 =-1IO0

38 Separate and Eject Propellant Tanker
No. 2

1 Separate Propellant Tanker No. 2
from Service Vehicle "B"

2 Position tanker away from convoy
and eject out of respective area to
prevent lnadvertant collision.

39%a Launch Orbital Support Vehicle to
(w/o OLSF) Earth Orbit
1l Launch to parking orbit
2 Separate and jettison fairing
3 Transfer to assembly orbit
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. MsJjor Operation No. Event Description of Operations & Events

390 Transfer Orbital Support Vehicle from
(with OLSF) Service Vehicle "B" to OLSF for re-
supply.
1 Transfer support vehicle from Service

Vehicle "B" to OLSF for resupply

2 Rendezvous and dock support wvehicle
with OLSF
3 Transfer logistics requirements from
OLSF to support vehicle
L Transfer support vehicle from OLSF
to Service Vehicle "B"
Lo Rendezvous and Dock Orbital Support
Vehicle with Service Vehicle "B"
1 Perform rendezvous maneuver
2 Dock support vehicle to Service
Vehicle “B"
3 Transfer logistics requirements to
Service Vehicle "B"
L1 Service Vehicle "B" Repair and Refurbish-
ment
‘ 1 Perform repair functlons
2 Refurbish expendable systems
3 Re-establish spares level in
Service Vehicle "B"
42 Conduct Checkout of Service Vehicle "B"
1 Perform complete checkout of
Service Vehicle "B" systems
2 Perform complete checkout of all
auxiliary mission vehicles
3 Confirm status of mission vehicle
43 Orbital Support Vehicle(s) Transfer to
, Service Vehicle "A"
1 Separate support vehicle(s) from
Service Vehicle “B"
2 Transfer to Service Vehicle "A"
3 Dock support vehicle(s) to Service
Vehicle "A"
Y Transfer logistics requirements to

Service Vehicle "AY
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Major Operation No. Event Description of Operations & Events - ‘

L Service Vehicle "A" Repair and Refurbish-
ment
1 Perform repair functions on Service
Vehicle "A"
2 Refurbish expendable systems on
Service Vehicle "A"
3 Re-establish spares level in Service
Vehicle "A"
45 Conduct Checkout of Service Vehicle "A"
1 Perform complete checkout of Service
Vehicle "A" systems
2 Perform complete checkout of all
suxiliary mission wvehicles
3 Confirm status of mission wvehicle
46 Orbital Support Vehicle(s) Transfer to
' Mission Crew Vehicle
1 Separate support vehicle(s) from
Service Vehicle "A"
2 Transfer to Mission Crew Vehicle
3 Dock support vehicle(s) to Mission
Crew Vehicle
L Transfer logistics requirements to

Mission Crew Vehicle

iied Mission Crew Vehicle Repair and Refurbish-
ment
1 Perform repair functions
2 Refurbish systems on Mission Crew
Vehicle
3 Confirm status of mission wvehicle
systems
48 Conduct Integrated Checkout of Mission

Crew and Service Vehicles

Activate all systems

Perform convoy vehicle checkout
Perform simulated countdown and
launch

Confirm status of mission vehicles.
Call for mission crew.

;= whR

o/ 49a Launch Mission Carrier to Eawrth Orbit
w/o OLSF)

X Launch to parking orbit




Major Operation No, Event Description of Operations & Events

49a (continued) 2 Separste and jettison launch fairing
and escape propulsion system
3 Transfer to parking orbit
L9p Transfer Mission Crew to Mission Crew
(with OLSF) Vehicle
1 Separate support vehicle from Mission

Crew Vehicle

Transfer to OLSF

Transfer part of checkout crew from
support vehicle to OLSF

Transfer mission crew from OLSF to

support vehicle

Separate support wvehlcle from OLSF

Transfer to mission crew vehicle

= wn

o\

50 Rendezvous and Dock with Mission Crew
Vehicle

Perform rendezvous maneuver

Dock wvehicle to Mission Crew Vehicle
Transfer mission crew to 1SS of
Mission Crew Vehicle

Transfer checkout crew to carrier
or support vehicle

FF O w o

51 Orbital Support Vehicle (or Mission Crew
Carrier) Transfer to Parking Orbit

1 Separate vehicle from LSS

2 Transfer to parking orbit: orbit
rust be compatible for providing
television coverage during launch
of the convoy wvehicles.

52 Mission Crew Conduct Missions Readiness
' Test

Activate convoy vehicle systems
Perform mission vehicle checkout.
Confirm status.

Perform simulated countdown and
launch.

Confirm ephemeris data and mission
vehicles attitude for launch.

5 Confirm mission vehicles ready for
countdown.

v

F W

53 Conduct Pre-Launch Operations and
Countdown

1 Initiate pre-launch activities
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Ms. jor Operation No.

53 (continued)

5k

55

Event

2

=W

@ 3 O

N

A WwUME W

3

La
(w/o OLSF)
)

(with OLSF)

Description of Operations & Events

Verify status of mission vehicles
systems

Initiate simulated countdown
Complete pre-launch checkout and
countdown

Confirm mission vehicles status
Esteblish mission vehicles ready
for final countdown

Mission crew enter re-entry module
on Crew Mission Vehicle
Reposition re-entry module on Crew
Mission Vehicle for launch from
larth orbit

Initiate Final Countdown

Initiate countdown

Complete all countdown up to auto-
matic sequence portion

Initiate countdown "hold" - synchronize
launch time with automatic launch count
Initiate automatic countdown sequence
Confirm relative position of other
mission vehicles in convoy

Confirm relative position of other
mission vehicles 1n orbit

Convoy Launch

A-k2

Initiate launch sequence

Orbit launch of convoy of mission
vehicles

Orbital support vehicles monitor
launch and confirm injection
Support vehicles and Mission Crew
Carriers return to Earth

Support wvehicle returns to OLSF




APPENDIX B
LUNAR FERRY VEHICLE

APPENDIX B.l
UNSCHEDULED POST MISSION MAINTENANCE

In the process of compiling the Checkout and Countdown Procedures
for the Lunar Ferry (Appendix B.3), it was necessary to meke some estimate of
the amount of time required for unscheduled maintenance on the mission vehicle's
subsystems following each mission. The results of this investigation, have
been incorporated in the checkout procedures. Unscheduled maintenance of this
kind requires a total of 19.49 manhours per mission.

In conducting this analysis, a definition of the Lunar Ferry's
subsystems was made based on typical vehicle systems as defined in in-house
reports, ALTS study results publications, and by LTV proposals on both Apollo
and LEM. A breakdown of subsystems was made by major components utilizing
the following steps:

- All major components were analyzed in depth to determine what
maeintenance could be performed at the replacement level.

-~ The repair time for each replaceable unit was estimated.

- The probability of faillure for each replacesble unit per
mission was determined.

- The unit repair time multiplied by the probability of failure
resulted in the expected repair time/unit for each mission.

- The sum of all expected repair times for each replaceable unit,
within each subsystem, ylelded the expected subsystem repair time.
- To compensate for a space enviromnment and zero "G", a "plus"
factor of 35% was added to each of the subsystem repair times.
The times shown, in the computations which follow, ' include
this plus factor. (Further explanation of this factor is
given on Page 7-3, Part I, of this volume).

The final results of the analysis are presented as follows:
Repair Time Required Following

Vehicle Subsystem Each Round Trip (Manhours)
1. Abort Propulsion 4,70
2. Attitude Control 3.68
3. Communications 75
k. Docking 1.03
5. Electrical Power .63
6. Environmental Control .78
7. Instrumentation . 16
8. Navigation and Guldance 1.53
9. Nuclear Propulsion 2.18
10. Propellant Tankage 4.05
Total 19.49 manhours

B-1
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APPENDIX B.2

FUNCTION AND TASK ANALYSIS OF
MAJOR OPERATIONS AND EVENTS

The purpose of the Function and Task Analysis is to estimate the
men/machine tasks, number of personnel and accumulated time and menhours
required to perform all major operations and events as defined in Appendix
A,3% in support of launching the Lunar Ferry from Earth orbit. The results
of the Checkout and Countdown Procedures (Appendix B.3) were also incorporated
in this analysis.

A brief explanation of the format used in conducting this and
similar analyses (as shown in Appendices C, D, and E) 1is as follows:

- Column (1) contains a listing of each major operation as
defined in Appendix A-3, while Column (2) lists each
event of the operation breakdown.

- Column (3) contains a brief description of what appears
to be a feasible and logical method of carrylng out the
event (referred to as function).

- Column (U4) 1lists several auxiliary equipment items assumed
to be available to the orbital checkout crew as needed.

- Colum (5) contains an estimate of the number of personnel
required in Earth orbit to carry out the specific event
as defined in Column (2).

- Column (6) presents an estimete of the time required to per--
form each event or function, an accumulative total time,
and the manhours (or men/minutes) required per function.

- Colum (7) contains comments on the effects of having or
not having an Orbital Launch Support Facility (OLSF) when
executing the specific function.

‘ .For the purpose of estimating the time required in Earth orbit by
the orbital checkout crew to perform the many supporting operations to prepare
and launch the Iunar Ferry, it was assumed that all supplies, fuel, cargo,
passenger personnel, etc., were readily availasble as needed. The effects of
the availability of Earth launch pads and launch vehicles, realistic Earth
launch rates, etc., on the total time required in orbit to prepare and launch
the vehicle is discussed in Volume II.

*Post mission operations (Items 22 through 30 as shown in Appendix A. 3) were
not included in the Function and Task Analysis as reported herein since they
are basically accounted for in Items 1 through 21.
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Figure B.2-1 presents the combined results of the Function and Task
Analysis and the Checkout and Countdown Procedures in the form of a simplified
time line. The estimated manhours, the accumulated (consecutive) hours and
personnel required to perform all routine OLC human tasks to prepare, checkout
and launch the Lunar Ferry are listed as follows:

Total manhours = 290.5
" Total accumulated hours = (9.8
Total orbital checkout personnel = O%
Total Lunar Ferry flight crew = 3

(W11l assist in countdown opera-
tions only)
Minimum "Logistic" Vehicle Pilots = 2

(In this case the "Logistics"
Vehicle brings the Lunar Ferry
mission crew and passengers up
to the assembly orbit. In most
cases this vehicle is referred
to as the "Mission Crew and
Pagsenger Carrier")

*Whereas the Checkout and Countdown Procedures (Appendix B.3) show it requires
a minimum of 8 OLO checkout personnel to support the Lunar Ferry, the Function
and Task Analysis results shows one additional worker will be required to
assist and/or substitute for the Launch Control Director whose workload is
extremely heavy. Thus a minimum total of 9 orbital checkout crewmen will be
reguired.
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APPENDIX B.3

CHECKOUT AIND COUNTDOWN PROCEDURES

Since more information was available on the Lunar Ferry vehicle,
concerning the proposed configuration, the make-up of the subsystems, and the
mamer of operation, than that of the other three mission vehicles, this
vehicle was selected as the basis for establishing orbital launch operations
checkout and countdovm procedures. Such procedures (for the Lunar Vehicle)
should be reasonably typical of the several vehlcles under study due to the
relative appearance of this vehicle on the time schedule. The procedures are
as thorough and as complete as availeble knowledge permits at the time of theilr
compiletion. To compensate for the adverse affects of the space enviromment and
zero "g" conditions, & "plus" factor of 35% is included in all human task re-
quired times (see Page 7-3, Part I of this volume). This portion of Appendix B
includes:

0 A discussion of the ILunar Ferry checkout crew composition
and number.
¢ The abbreviations used in the procedures.

0 Part I - lMajor Subsystems Checkout and a Personnel
Utilization ~ Time Line Chart, Figure B.3-1.

o Part II -~ Pre-leunch Checkout and a Personnel Utiliza-
tion ~ Time Line Chart, Figure B.3-2.

o Part IIT - Countdowm and a Personnel Utilizaetion -
Time Line Chart, Flgure B.3-3.

The results presented herein are as follows:

(1) A minimum of 8% orbital checkout crew members will
be required for checkout and countdown.

(2) The times required to perform the various major parts are:
Part I - Major Subsystems Checkout - 45.75 hrs.
(Note: This doeés not include the 15 additional
: hours needed for cargo loading, fuel
tanker posltioning, etc. - see Appendix
B.2) .
Part II - Pre-Leunch Checkout ~ 6.33 hrs.

Part III - Countdown - 3.08 hrs.

*The results of the Function and Task Analysis shows that nine will be required.
This i1s due to the heavy work loed of the Launeh Control Director who will thus
need an sssistant (see Appendix B.2).
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LUNAR FERRY CHECKOUT CREVW COMPOSITION AND NUMBER

The following paragraphs discuss the nunbers and types of personnel
that compose the checkout crev along with the functional definition of their
roles in orbital checkout operations., These personnel requirements are pred-
icated on an analysis of checkout and servicing functions pertaining to the
Lunar Ferry only. Additional requirements for assembly and checkout of the
several liars Mission vehicles are discussed elscvhere.

(1) In command of all servicing, checkout and launch operations
will be a Launch Control Director. His responsibilities
will be:

(a) The scheduling and direction of all activities
concerned with servicing, checkout, repair, and
launch of the orbital launch vehicle.

(b) Moking eritical decisions, based on inputs from
nembers of the checkout crew and from analyses
provided by Earth-based launch facilities, per-
taining to the readiness of the wvehicle for launch.

(2) A Checkout-Programmer-Analyst will be responsible for:
(a) Ordering the program.

(b) Programming the automatic checkout equipment to
test the various subsystems and/or the integrated
systems as directed by the Launch Control Director.

(c) HMonitoring the progression of tests and test results
supplied by the automatic checkout equipment.

(d) Analyzing the data supplied by the sutomatic check-
out equipment for indlications of malfunctions or
trends that indicate potential. malfunctions.

(e) Preparing a surmery report of checkout results for
periodic transmission to Earth facilities.

(3) An Electrical Specialist will be responsible for:

(a) Inspecting, servicing, monitoring the operation of,
and meking repairs to the electrical power and dis-
tribution circuits, lighting system, electrical
servo mechanisms and other circuits as required.

(b) Responsible for servicing and for ensuring the opera-
tion of the electrical portions of all destruct
systems.

(¢) Assiting the Propulsion and llechanical Specialist in
naking repairs to fuel systems, propulsion systems,
and associated mechanical linkages.
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(%)

(5)

(6)

(7)

(8)

Life Support Specialist will be responsible for:

(a) Inspecting, servicing, monitoring the operation of,
and making repairs to the environmental control
system of the orbital launch vehicle.

(b) Servicing and checking other elements of the 1life
support such as food storage, water supply, and
sanitrary facilities.

An Electronics Specialist will be responsible for:

(a) Inspecting, servicing, operating, monitoring the
operation, and meking repairs to such systems and
equipment as communications, radar, T.V., electronic

_checkout, and associated display circuits sboard the
orbital launch vehicle.

(b) Assisting the Guidance and Navigation Specialist in
naking repalrs to the guldance subsystenms.

A Guidance and Navigation Systems Specialist will be responsi-
ble for:

(a) Inspecting, servicing, monitoring the operation of, and
making repairs to the guidance systems, navigation sys-
tems, stabilization and attitude control systems, and
systems displey circuitry on-board the vehicle to be
launched from Earth orbit, referred to as the OLV.

(b)- Assisting the Electronics Specialist in meking repairs
to communications, radesr, and T.V. systems.

A Propulsion and Mechanical Specialist will be responsible
for:

(a) Inspecting, servicing, monitoring the operation of,
and meking repairs to the reaction control fuel sys-
tems, pyrotechnic, ordnance, propulsion fuel systems,
propulsion systems, pneumatic and hydraulic systems,
end associated mechanical linkages and devices on-
board the vehicle to be launched from Earth orbit.

An Orbital Support Assembly Vehicle Operator will be respon-
sible for:

(a) The transfer of persomnel and supplies to and from
an Orbital Launch Support Fecility and the Orbital
Launch Vehicle,

(b) Assisting the checkout crew aboard the Orbital ILaunch
Vehicle in performing inspection, servicing, and re-
pair functions where assistance is needed exterior to
the vehicle.
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(c) The operation of the remote maintenance manipulators
in the performence of maintenance tasks exterior to
the vehicle,

ABBREVIATIONS
Abbreviations which are used in the following procedures are listed
below: .

ICD - Launch Control Director

CPA - Checkout -Programmer-Analyst aboexrd the
Orbital Launch Support Facillity

Ccs - Electronics Specialist aboard the vehlele to
be launched from Earth orbit, referred to as
the OLV

ES - Electrical Specialist aboaxd OLV

GS - Guidance and Navigation Systems Specialist sboard
oLV

1SS - Life Support Specielist aboard OLV

M - Propulsion and Mechanical Speciallst aboard OLV

OSAVO - Orbital Support Assembly Vehicle Operator

GOS5S - Ground Opereated Support System

OLSF - Orbital Launch Support Facility

oLV - Orbital Leunch Vehicle ~ i.e., the vehicle to be
launched from Barth orbit (in this case, the Lunar
Ferry).

c/o - Checkout

c/D - Countdown

v - Personnel Carrier - also termed Crew and Passenger
Carriler

PC - Pilot Cormander, Lunar Flight Crew

PE - Pilot Engineer, Iunar Flight Crew

PS - Pilot Deientist, Ivnar Flight Crew

RCS - Reaction Control System

s - Environmental Control System
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N - Astronaut loneuvering Unit

vp - Logistic Vehicle Pilot

PART I ~ MAJOR SUBGSYSTEIL CHECKOUT

Since the procedures discussed herein enconpass both servicing and
checiout for the initial, as well as for subsequent ftranslunar trips of the
Lunar Ferry, chechkout begins with a fully assembled vehicle. The flight crew
and passengers arc not aboard. Checlout procedures have been developed and are
presented in three parts as follows:

Part I -~ The checkout of the uajor subsystens
individually and the re-fueling of the
main propulsion system. This part is
entitled MAJOR SUBSYSTRIS CHICKOUT.

Part IT - The interrated nission vehicle sub-
systen checkout performed during pre-
launch operations and the topping off
of all systeus. This part is entitled
PRE-LAUNCH CHICKOUT.

Part III - The integrated systeus check made for
confidence during the {final countdown.
This part 1s entitled COUITIDOWN.

The checkout schedule is determined by the Launch Control Director (ICD) in
coordination with the Ground Operated Support System (COSS), and with con-
sideration given to launch windows Ffor the next uission.

The sequential procedures for conducting Part I - Major Subsysienms
Checkout of the Lunar Ferry are presented in this section in the form of an
actual countdown. Servicing and checkout of all vchicle subsystems and equip-~
ment is performed in much the conventional manner by means of visual and
manual checks followed by automatic (pre-programmed) equipment checkout.
The fundemental make-up and description of the various subsystems and equip~
ment of the Lunar Ferry were based on the results of LTV Astronautic's and
Lockheed's Advenced Iunar Transportation System studies as these becane avail—
able. In some cases, it was necessary to predict the typical state-of-the-art
of such equipment for the time period under study.

It is noted in the checkout procedures that the Orbital Support
Assembly Vehicle (OSAV) mekes many service trips between the vehicle being
Checked out, i.e., the Lunar Ferry and an Orbital Launch Support Facility
(0LSF) to transport cxpendable supplies, spare parts, personnel, etc. A re-
view of the procedures will further show that little additional over-all check-
out time is required because of these trips, since they are being executed
concurrently with other tasks. However, in the interest of simplifying the
nuwaber of operations required for checkout of each spacecraft and to increase
the probability of orbital launch operations mission success , it is desirable
to limit these trips to a minivmmm vhich, in turn, lessens the number of
rendezvous and hard dock maneuvers required,
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It is assumed that the checkout crewman performing in the space en-
vironment would not be more than 65% as effective as he would be in his Earthly
surroundings where lighting is generally no problem, where manusal dexterity is
seldom limited, where objects come to rest in one plane and remain there, etc.
Accordingly, all estimated times shown include a plus factor of 35% in the
interest of compensating for this degradating condition. (For further explana-
tion, see Page 7-3, Part I, of this volume.).

It is further assumed that the orbital worker has the necessary tools
and equiprent needed to perform his tasks, and that such items as fuel, carro,
mnajor vehicle segients, spare parts, etec., are available in and around the
OLV as required; i.e., the checkout crew does not have to await their arrival
. fron Earth. ‘

The results of the checkout procedures show it requires approximately
45,75 accunulated hours to complete the lajor Subsystem Checlkout, including
refueling of the wvehicle.*

The checkout procedures follow:

Sequence No., Tine Resp. ‘ __ Task

—————

1 T-2745 ICD Conducts briefing of all personnel as
to radiation hazards and travel to and
from the vehicle to be launched frouw
Eaxrth orbit (the OLV).

- Supervises the individuasl check-
ing of radiation detection de-
vices for correct operation.

2z, T-2715 ICD Remotely energizes systen necessary to
bring the orbital launch vchicle (OLV)
attitude and orbit under control.

~ OLV attitude stabilized with
respect to the Orbital Launch
Support Facility so that nu-
clear engines point away from
the facility.

2b T-2715 0SAVO Inters Orbital Support Assembly Vehicle
: (0SAV) and conducts pre-flicht checks.

- Loads Environnental Control Sys-
ten (ICS) end power source
supplies on OSAV.

*¥It 1s noted that approximately 15 hours have been added to this total in the
Funetion and Task Analysis results (Appendix B.2) to account for the addition-
al time required for loading the cargo, positioning of the tankers during re—
fueling, and the performence of those tasks required for handling the pyro-
technic devices.
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Sequence Mo,

2b(continued)

3

ha

Lb

Tlue

T-2680

T~20665

T-2635

T-2625

T-2015

T-2600

1CD

OSAVO
]EI‘S
1SS
0SAVO
153
17_5

OBAVO

OBAVO

2
Tz

SHE
5

2

Taslc

- Prepares for transport of checkout
personnel.

Notifies Ground Operated 3upport Systen
(GOSS) of nis intention to start the
checkout.

- Establiéhes start time and
schedule.

Loads checkout personnel aboard the
Orbital Support Assembly Vehicle.

Enters OSAV for transport to the Lunar
Ferry (OLV).

Translates from the Orbitel Launch Sup-
port TFacility to the Lunar Ferry.

Performs close-~in rendezvous to Lunar
TFerry.

Performs hard docking meneuver to Lunar
Ferry (OLV).

Enter OLV with auxiliary checkout equip -
uent and tools.

Makes visual inspection of secondary
power source.

- Inspects and services the battery
system as required. (New batteries
will probably have to be installed
prior to each mission).

- Checks voltages.
~ Replaces weak or defective cells
(1f all new batteries not required
prior to each mission).
xes visual inspection of the primary
power source. Note: It is assumed
primaxry power is by fuel cells.

- Visuvally inspects fuel cells.

-~ Performs leskace checls on fuel
cells.
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Sequence No. _Time Resp.

9a(continued.)
9b T-2600 L3S
9¢ T-2600 OSAVO
10 T-2570 1SS
11 T-2510 1SS
12 T-2495 0SAVO
13a T-2490 1CD
13b T-2490 135S
14 T-2480 0SAVO
158 T-2475 1CD
15b T-2475 CPA
16 T-2465 ES
17 T-2L460 OSAVO

—ie MaBKR

- Assisted by OBAVO, resupplies
source.

Makes visual inspection of IEnvironmental
Control System (ECS).

On standby to assist Electrical and Life
Support Specialists as required.

Performs leakage checks on lines and
valves.

Confirm and/or verify estimated replece-
ment requirements for resupply of LOX,
nitrogen, water, filters, and other ES
expendebles. (Note: Resupply amounts
established by normal replacement re-
quirements or during post flight check).

Notifies ICD via OSAV radilo of resupply
requirements.

Receives notification of ECS resupply
requirenents.

Cleans and lubricates motors, blowers,
and actuators as required.

Notifies ICD and ChecXout-Programer-
Analyst via OSAV radio of readiness for
power system checkout (C/0).

Receives notification of intended system
checkout.

Receives notification of intended systen
checlkout.

- Prepares automatic C/0 equipnent
for check of electrical power
systens,

Starts up primary power source.
- Switches OLV load to power source.
Translates to OLSF for any additional

Environmental Control System (ICS)
supplies (if required).*

*This trip may not be necessary if all ECS supplies can be established prior

to the first trip (see Sequence No. 5).
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. Sequence MNo.

18e.

18b

19

2la
21b
22
23
24

25
®

26a

26b

27
28

29
30a

30b

31

"l’ 32a

Time

T-2455

72455
T-2hk5
T-2430
T-2425
T-2425
T-2420
T-2410
T-2405

T-2400

T-2380

T-2380

T-2360

T-2350

T-2315
T-2250
T-2250

T-2210

T-2205

OSAVO

CPA

OSAVO

OSAVO

CPA

OSAVO

CPA

CPA

O0SAVO

0SAVO

1SS

OSAVO

Task

otarts check of electrical power sys-
tens.

Monitors results on Orbital Launch
Support Feeility (OLSF) displays.

Monitors results on OLV displays.
Performs unscheduled waintenance.
Performs close-in rendezvous to OLSF,.
Performs rechecks as required.
Monitors rechecks on OLSF displays.
Performs hard docking meneuver,

Ioads LCS supplies.

On standby.

Analyzes results of electrical power
system checkout.

Translates to Lunar Ferry (OLV) from
QILSF.

Prepares sumary of checkout results,
- Stores on tape for transmissiocn
to Ground Operated Support Sys-
tem (GOSS) per schedule.
On standby.

Performs close-in rendezvous maneuver
and hard dock.

Unloads ICS supplies.,
Assernbles new supply tanks to ECS.
Assists 1SS in tank assembly.

Notifies ICD and CPA via OSAV or OLV
radio of readiness for (ECS) checkout.

Receives notification of ECS checkout
readiness.
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Sequence No.
32b

33

3ka

3hb

35a
35b
368,

36b
3Ta

37T

38

Tine

T-2205

T-2190

T-2185

T-2185

T-2185
T-2185
T-2160

T~2160

T-2140

T-2140

T-2120

Resp.
CPA

ES

CPA

1ss

1SS
CPA
LSS

CPA

CPA

LSS

B-42

Task

Receives notification of readiness for
ICS checkout.

- Prepares automatic checkout
equipment for check of ECS.

Performs wvisual inspection of vehicle
lighting system.

- Performs operational check of
all lighting.

- Replaces bulbs, switches, wiring,
as required to ensure proper
operation of all lighting.

- Performs operational check of
all werning lights and annunciators.

~ Repairs as required.
Starts cheeck of ECS.

- Monltors results on OLSF checkout
equipment displays.

Monitors results of checks on OLV dis-
plays.

Performs unscheduled maintenance.
On standby for rechecks as required.

Performs rechecks as required. Note:
If individual emergency HCS systems are
avallsble for the 20 passengers these
too will require checking dquring ECS
checkout.

Monitors results of rechecks on ECS.

Prepares summexy of ECS checkout re-
sults.

- Records on tape for transmission
to GOSS per schedule.

Performs visual inspection of food
preperation system.

Cleans and tightens connections on
resistance heating elements.




gequence Ho, Time Resp. — Task e
39 T-2110 CrA On standby
Yo T-2060 13S Performs operational check of food

preparation system.

Ly T~2050 158 Verifies inventory of food supplies
: aboard. (Note: Prior inventory com-
pleted during post mission checkout of
Ferry).

- Lists additional requirements
Tor support of checkout crew
during the servicing and
checkout operations.

hoa T-2035 OBAVO Translates to OLSF for food supplies.*

Leb T-2035 153 Performs visual inspection of food
storage and refrigeration systems.

- Cleans, tightens connections,
and performs lealiage checls

. on refrigeration systems.

L3 T-2005 OSAVO Performs close-in rendezvous maneuver
with OLSF.

L4 T-1995 USAVO Performs hard docking with OLSF.

Ls T-1905 03AVC Loads food supplies aboard Orbital
support Asserbly Vehicle.

L6 T-1945 1SS Checks operation of refrigerator tenp-
erature control system.

ha T-1925 OSAVO Translates to OLV with food supplies.

47 T-1925 1SS Performs visual inspection of potable

water heating system.

L8 T-1915 1S3 Makes an operational checl: of water
temperature control systern.

Lg T-1905 1S5 Performs operational checi: of waste
disposal systemn.

50 T-1695 OBAVQ Perforus close-in rendezvous maneuver.

¥Mis trip 1ay not be necessary if post-mission checlout has previously deter-
uined all food resupply requirencnis. Accordingly, all such supplies could
be caorried aboard the 0SAV during the first trip.
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Sequence No.

5la

51b

52a,

52b

3

Sha

55
568
56b

5Ta

58

Time

7-1885

T-1885

T-1875

T-1875

T-1845

T-1840

T-1840
T-1810
T-1800

T-1800

T-1T790

T-1T790

T-1T75

Resp.
0SAVO

LSS

OSAVO
1SS

CPA

08AVO

OSAVO
0SAVO
OSAVO
Cs
PM

03AVO

CcS
P

0SAVO
Cs
G5
™

Task

Performs herd docking to Lunar Ferry.

Notifies ICD via OLV radio of status
of life support systems and stends by
to assist Orbital Support Assembly
Vehicle Operator (OSAVO) in bringing
food supplies aboard.

Unload and store food supplies.

Summarizes results of life support sys-
tems checks.

- Stores on tape for transmission
to GOSS per schedule.

Notifies ICD wvia OSAV radio of OLV
readiness to receive the remainder of
the C/0 crew.

Recelves notification of readiness to
receive the remainder of the C/O crew.

Starts translation to OLSF.
Performs close-in rendezvous maneuver.
Performs hard docking to OLSK.

Prepare to board OSAV for transfer to
OoLv.

Loads Electronics Specialist (CS),
Guidance and Navigation Specialist (GS),
and Propulsion/Mechanical Specialist
(P11) end auxiliary C/O equipment for
transport to OLV.

Inter Orbital Support Assembly Vehicle
(0SAV) for transport to OLV.

Translation to OLV.
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. Sequence No. Time Resp. Task

59 T-17h45 OBAVO Performs close-in rendezvous maneuver.
6O T-1735 OSAVO Performs hard docking to OLV.
61 T-1725 0SAVO Unload OSAV of personnel and equipment.
Cs
GS
PM
62a, T-1700 0SAVO Returns to OLSF to load fuel supplies
per PM needs.
62b T-1700 Cs HMakes visual Inspection of commmunications
equipnent.

~ Checks for security of mounting
and/or obvious damege.

62¢ T-1700 GS Performs visual inspection of guidance,
nevigetion, and attitude control sys-
tens.
624 T-1700 P Performs leakage tests on reaction con-
‘ trol system.

- Notifies ICD of fuel requirements
for reaction control system.

63 T-1700 GS Replaces inertial platformn as required.

Gh T-1655 OSAVO Stands by for fuel requirements notifi-
cation.

65a T-1645 OSAVO Loads fuel supply for reaction control
systen,

65b T-16h5 PM Performs visual inspection of englne

and fuel controls.

- Inspects and calibrates fuel
and engine controls.

66 T-1625 OSAVO Returns to OLV.
67 T-1610 Gs Performs self-checks of guidance
computer.
68 T-1595 GS Notifies ICD of systaa resdiness for
. checkout.
: 69a T-1590 GS Turns on all systems and allows then

to stabilize,
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Sequence No.
69b

T0

TL

T2b
T3a

130

Th

T5a

o0

T5¢

T6a

Time

T-1590

T-1585

T-1580

T-15T0
T-15T70
T-1550

T-1550

T-1465

T-1460

T-1460

T-1460

T-14k5

Resp.
CPA

CS

CPA

CPA

CPA

OSAVO

ICD

CPA

Task

Prepares automatic C/0 equipment for
checks of guldance, navigation, and
attitude control systems.

Cleans, tightens, adjusts, calibrates
equipment as required.

Stexrts checkout of guidance, navigation,
and attitude contyol systems. Note:

If reaction control system jets are
pulsed during checkout, the pulse
sequence should be such thet it re-
sults in no orbit change.

Monitors results on OLST displays.
Monitors results on OLV displays.
Performs unscheduled maintenance

- Schedules and monitors rechecks
a8 required.

Monitors rechecks as required.
- Summarizes C/O results.

- Stores on tape for transmission
to GOSS per schedule.

Notifies ICD and CPA via OLV radio of
readiness for communications C/0. Note:
Although the communications equipment is
not formally checked out until this
point in time, it is logical to assume
it has been in use, perilodically, during
checkout.

Receives notification of readiness for
communications checkout.

Preperes automatic C/0 equipuent for
check of communilcations systems.

Calls for and receives from GOSS navi-
ration and guldance data (orbital
characteristics).

Confirms navigetionand guidance reesd-
outs on OLV displays.
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sequence o,

T6a(continued)

TG

T0a,

T%a

9%

80a

800

8la

81b

82a

Tine

T-14k45

T-1440

T~-1440

T-1410

T-1385

T-1385

T-1375

T-1375

T-1355

T-1355

T-1355

Resp.

CPA

ICD

CPA

CPA

Cs

ICD

Tasl:

- Calibrates systen as required.

~ Recheclis OLV read-outs with GOSS
per schedule.

~ Ferforns manual control tests and
monitors results on OLV displays.

- Confirms with ICD the status of
the guidance, navigation, and
attitude control systems.

Starts C/0 of cormunications system.

- Monitors results of C/0 on OLSF
displays.

lMonitors results of C/0 on OLV displays.

Performs unscheduled maintenance on
commmnications equipment.

Monitors system to determine platform
drift and position updating requirements.

- Keeps ICD informed of results
of wmonitoring.

lonitors results of GS monitoring of
platform drift and position updating
requirenents.

Monitors rechecks of communications
systems on OLV displays.

Performs required rechecks of cormunica-
tions systens.

- Monitors results of rechecks on
OLSF displays.

Analyzes results of communications C/0.

- Stores on tape for transmission
to GO3S per schedule.

Notifies ICD of readiness for confirma-
tion checks with GOSS.

Notifies Electronics Specialist of
schedule for confirmation checks,

~ Monitors results.
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Sequence No. Time Resp. Task

82b T-1355 Cs On standby.

83 T-1350 cs Communicates directly with GOSS per
. schedule.

8L T-1340 cs Receives confirmation froim GOSS.

85 T-1330 1CD Dispatches remote controlled vehicle

unit for inspection.

86 T-1325 OSAVO Mans controls of inspection vehicle.*

- Flies inspection vehicle to and
around OLV, using T.V. receiver
for maneuvering intelligence.

8Ta T-1300 ICD Provides inspection checkpoints sequence
to the Orbital Support Assembly Vehicle
Operator.

- Directs repairs of vehicle as
required.

8Tb T-1300 P In coordination with ICD's directions,
enerpgizes fuel cell switches, and engine
main fuel lines for leakage checks.

87c T-1300 CPA Analyzes results of inspection on T.V.
monitor.
88 T-1285 OSAVO lMans controls of repair wehicle to

effect repairs as required,
89 T-1185 CPA Surmarizes results of inspection.

- Stores on tape for transmission
to GOSS per schedule.

90a. T-1145 I1CD Directs inspection vehicle to effect re-
pairs as required and as possible.

90b T-1145 OSAVO Bffects repairs with remote maintenance
vehicle.

91 T-1080 PM Straps on Astronsut Maneuvering Unit

(AMU) and checks the units ECS.

- Egresses from OLV,

¥See Item Sequence lo. 130a for comments concerning requirenents.
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Sequence No.
91 (continued)

o2a
92b
93

ol
95

96

9Ta

9T

98

99a

990

100
101

102

103a

103b

Time

T-970
7970
T-9k40

T-730
T-T720

T-710

T-T705

T-T705

T-690

T-685

T-605

T-680
T-670
T-655

T-0650

T-650

Resp.

PM

OSAVO

ICD

CPA

OBAVO

CPA

PM

0SAVO

OSAVO

P

ICD

GS

Tas::

- Inspects abort fuel system, lines,
and propulsion unit.

Pressurizes abort fuel gystem.
Inspects systenm for leakage.

Performs unscheduled maintenance on
abort propulsion unit,

Re-enters the OLV.*

Translates via OSAV to OLSF for fuel
supply.

Notifies Launch Control Director (ICD)
of system readiness for sbort propulsion
system sutomatic checlout,

Receives notification of reediness for
ebort system autometic checkout.

Receives notiflcation of reediness for
ebort propulsion and fuel system C/0.

- Prepares automatic C/0 equipment.

Performs close-in rendezvous maneuver
to OL3F.

Monitors results of abort propulsion
and fuel syster C/0 on OL3T displays.

Monitors results of sbort propulsion
and fuel system C/0 on OLV displays.

Performs herd docking to OLSF.
On standby.

Notifles ICD of requirements for abort
fuel resupply.

Advises OSAVO of fuel resupply recquire-
ments.

Calibrates optical displays.

*It is assumed the life support unit will not support the extravehicular worker
for more than four consecutive hours, thus, the Il will have mede at least one
re-cntry into the OLV prior to this time.
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Sequence No. Time Resp. Task

el 2 e e
103b(continued) (ote: It may be necessary to perform
this function prior to setting up the
inertial platform).
103c T-550 ES Assist in calibration of optical dis-
CS plays.
1034 T=-550 0SAVO Loads abort system fuel resupply.
103e T-550 ™ Assists in calibration of optical dis-
plays.
10hka T-620 cs Calibrates electronic displays as
required.
104b T-620 BS Assist in calibration of electronics
GS displays.
3l
10ke T-620 0SAVO Translates to OLV.
105 T-590 OSAVO Performs close~in rendezvous maneuver
to OLV.
106 7-580 OSAVO Performs hard docking to OLV.
107 T-5T0 M Transfers abort propulsion fuel.

0SAVO Asslsts 1n transfer of sbort propulsion
fuel, Note: By this time, it is
assuned that (a) payloads No. 1 and 2 =
each conposed of a mission crew and
passenger carrier, a lunar cargo module,
and o propellant tanker for fueling the
main propulsion system of the Lunar
Ferry, have arrived in assembly orbit
in the proximity of the Lunar Ferry
and that (b) the pilot of each payload
has maneuvered his system and:

1. Docked with the Lunar Ferry.

2. Has rotated the "tanker" into

pesition.

3. Has separated the tanker from the
cargo nodule.,

. Has rotated the crew and passenger
carrier and carqo module into
place,

5. Has separated cargo module from the

crev and passenger carrier and
secured the former.

L
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Sequence No., Time Resp. Task
108a T-530 m Notifies ICD of abort systen status.
108b T-530 038AVO Don astronaut maneuver unit and checks
ES it out.
109 T-525 ICD Receives notification of abort system
status.
110 T-510 OSAVO Egress {from Lunar Ferry and maneuver
B to fuel tanks.
111 T-490 OSAVO Comnect and/or verify propellant tank-
er No. 1 properly secured to Lunar
Ferry.
112 T-475 OSAVO Connect propellant tanker No. 1 lines
ES to Lunar Ferxy.
113 T-455 0SAVO Connect propellant fuel tank No. 2 to
Lunar Ferry.
11k T-440 OSAVO Connect propellant tanker No. 2 lines
S to Lunar Ferry.
. 115 T-420 0SAVO Insure connection of lunar cargo module
ES to Lunar Ferry.
116 7-400 0SAVO Ingress into Lunar Ferry.
ES
117 T-380 PM Notifies ICD of intent to stert re-
fueling operations.
118 T-375 1CD Receives notification of intent to
start refueling operations.
119 T-370 . PM Activates OLV to perform fuel transfer
. operations.
120 T-350 PM Starts propellant tanker pumps and
' monitors fuel transfers.
1231a T-280 P Notifies ICD of completion of fuel
transfer.
121b ' 7-280 OSAVO Egress from OLV to disconnect empby
ES propellant tankers.
122 T-275 ICD Acknowledges completion of fuel trans-
’ fer message.
123 7260 OSAVO Disconnect both propellant tankers.,
ES
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Sequence No. Tine Resp. Task
125 T-220 OSAVO Move propellant tankers to "storage"
S area.
125 T-190 OSAVO Return to Lunar Ferry.
BS

126a T-165 OSAVO Ingresses into OSAV.

126b T-165 M Notifies ICD of readiness of fuel
system and engine for automatic C/0.

127s, T-160 0SAVO Translates to OLSF for life support
supplies (pre-calculated).

127 T-160 ICD Receives notificatlion of readiness for
c/o.

127c T-160 CPA Prepares automatic C/0 equipment for
check of fuel system and nuclear engine.

1274 T-160 33 On standby to assist in C/0.

128a T-140 P Monitors results of C/0 on OLV dis-
pleys.

128b T-140 CPA Monitors results of C/O on OLSF dis-
plays.

129 T-130 OSAVO Performs close~in rendezvous maneuver
to OLSF.

130a T-120 OSAVO Performs haxd docking to OLIF.

T-120 ICD Directs inspection wvehicle to effect

repairs.* (Note: Inspection vehicle
nay be a remotely operated system
carried aboard the OLV).

130b P-115 ™ Effects repairs with remote maintenance
vehicle.

131 T-110 OBAVO Assists OLSF crew in loading life sup-
port supplies aboard OSAV.

132 T-90 08AVO Translates to OLV.

133 T-60 0SAVO Performs close-in maneuver.

¥here adequate protection cannot be afforded the extravehicular worker, a
-need exists for some type of remote inspection and repair vehicle to perform
in and around the "hot" engine. Design requirements, methods of control, the
location of the remote operator, ete., are only some of the numerous probleums
requiring investication.
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Sequence No., Tinme Resp. Task

134 T-50 0SAVO Performs hard docking to OLV.
135 T-40 0SAVO Assists in unloading life support

supplles into OLV.

136 T-25 CPA Summerizes results of C/O of fuel sys-
tem and nuclear engine C/O.

137a T-20 OSAVO Returns to OLSF and stands by to assist
in Pre-Launch Checkout. (Note: Since
transletion time, close~in maneuver,
and hard docking takes 50 minutes, the
0SAVO will arrive at the OLSF some 30
minutes after initiation of Pre-lLaunch
Checkout procedures).

13 T-20 L3S Stores 1SS expendables aboard OLV.

138 T-5 ™ Notifies ICD of readiness for pre-
launch C/0 of the OLV.

PART II - FRE-IAUNCH CHECKOUT

Pre-launch Checkout is the automatic check of the subsystems in the
Orbital Launch Vehicle on an intepgrated basis. Essentially it is the sane
as that conducted by the automatic checkout equipment during the checkout
procedure; however, all systems are energized simultaneously and operation is
verified in a seguential computer routine.

In developing these procedures, it was assumed that:

(1) 'The crew and passenger cerrier, lunar cargo modules, and
propellant tanks were placed in Earth orbit at a pre-
scheduled time such that supplies and equipment were
aveilable to the orbital checlkout crew as needed.

(2) The Lunar Ferry was re-fueled during the Major Sub-
systems Checkout and carpo was properly placed
aboard.

(3) The persomnel to be transferred to the moon, including
the Lunar Ferry flight crew, were placed aboerd an
OILSF to remain there while the wvehicle was being checked-
out and serviced.

It is estimated that pre-launch checliout will require approximately
6.33 hours for executiocn.
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Sequence No.  Time Resp. S - ——
Trom To ) T T
la  T-380 T-375 1CD Notifies CPA to progran autonatic
checkout equipnent.,
1b T-380 T-360 CPA Prograus computer for integrated
systen checlout (C/0).
le T-380 T-360 188 Performs accurate inventory of supplies.
2 T-370 T-360 0SAVO Perforns close-in rendezvous to
Orbital Launch Support Facility (OLSF).
3 T-360 T-350 0SAVO Performs hard docking to OLSF,
L T-350 T-320 OSAVO Dispatched with remoté control wvehicle

for exterior inspection of OLV. Note:
PM now occupied.

5a T-335 T-320 m Prepares fuel and propulsion systems
for automatic C/0.

5b T-335 T=320 (01 Prepares communications and redar

‘ systems for automatic C/0.

5¢ T-335 T-320 GS Prepares navigation, guidance and
attitude control systems for automatic
c/o.

6o, T-330 T-320 ES Prepares electrical power systems for
automatic C/0.

6b T~330 T-320 138 Prepares the [CS for automatic C/0.

Ta T-320 T-315 OSAVO Notifies Launch Control Director (ICD)

of readiness to accomplish inspection.

T-320 T-315 Ccs Notifies the ICD of readiness for in-
tegrated systems C/0.

8a T-315 T-270 CPA At direction of ICD starts checks.

- Monitors results of C/0 on
OLSF displays and records
results.

S T-315 T-270 OSAVO Performs inspection of exterior with
remote inspection vehlcle.
. Se T-315 T-270 ES lonitor displays of OLV systems tests.
1SS Repailrs, adjusts, calibrates, rechecks
GS as required.
C(“
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Sequence To.

9¢

10

lla
11b
12
13

1L

15
16

1'7a

1To

Tine

— e s pm———— e,

T-270

T-270
T-270
T-270

T-270

T=-270

T-270

T-250

T-240
T-240
T-210
T-200

T-190

T-155

T-150

T-145

T-145

T-120

T-120
T-120
T-145

T-210
T-165
T-200
T-190

T-120

T-150

T-1k5

T-140

T-130

OSAVO

OSAVO
0SAVO

OBAVO

GOSS

ICD

1CD

B-56

Task

Perforn or (assist in) final top-off of
systemns.

Perform final wvisual inspection.
Performs general clean-up.

Stores debris in OSAV for transfer to
OLSF.

Surmarizes results of C/0 analysis.
- Transmits results to GOSS.

Reburns remote control inspection vehicle
to Orbital lLaunch Support Facility.

Performs cormmunication check with GOSS.

Performs final visual inspection of OLV
interior systems for which responsible.
Assists in topping off HICS, RCS,
propulsion fuel systems as required.
Assists in general clean-up of OLV
interior. OStores debris in O3AV for
transfer to OLSF.

Trenslates to OLV in OSAV.

Performs analysis of C/0O results.
Perfoxmas close-in rendezvous.

Perforus hard docking to OLV.

Assists C/0 crew as required in clean-
up, topping and storing debris in
OSAV .

Confirms C/O with LCD.

Receives confirmation of C/O results
from GOS3.

Directs Guidance Specialist (GS) to
insert launch window data in OLV suid-
ance computer.

Inserts launch window data in OLV
suidance computer per direction of ICD.




' Sequence No. Time Resp. Task

_From _ To o -
8 T-1h0  T-120 - LVP* Loads lunar passengers in crew and
passenger carrier for translation to
OLV.
19 T-130 T-120 ICD Confirm launch window data.
GS
GO3SS
208 T-120 T-115 1CD Recelves notification from CS of readi-
ness of C/0 crew to depart from OLV.
20b T-120 T-90 IVP Translates to OLV via crew and passenger
carrier.
21 T-115 T-90 C/0 Crew Losd aboard OSAV.

22a T-90  T-60 C/O Crew Translate to OLSF,

22b T-90 T-80 VP Performs close-in rendezvous maneuver,
23 T-80 T-70 VP Performs hard docking to OLV.
. 24 T-T0 T-50 vp Unloads personnel.

25g, T-60 T-50 c /O Crew Performe close-in rendezvous maneuver
to OLSF.

25b T-50 T-20 IND Translates via crew and passenger carrier
to OLST.

26 T-50  T-k4O €/0 Crew Performs hard docking to OLSF,

27 T-20 T-10 Lvp Performs close-in rendezvous maneuver
to OILSF.

28 T-10 T-0 Lvp Performs hard docking to OLSF and stands

by for countdown.

¥ogistic Vehicle Pilot
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Launch Control
ICD pirector (OLSF)

Orbital Support

T
i
1

]l
1

0SAVO A Yeh,O
ES Electrical _
Specialist
Life Support ~
188 Speclalist
Electronics
Specialist
s Guidance and Nav.
Specialist
Propulsgion-

PM  Mechanical Special.

CPA ChecmyPgogramer

LVP Logistic Vehicle

GOSS Ground Operated = |

Support Systen

EY steay HOUTRS

The epproximate checkout crew manhours required to conduct the pre-launch checkout
of the Lunar Ferry (excluding GOSS) equals:

Basic Task - 44.33
Standby - 4,25
Total = 48.58 hours
FIGURE B.3-2:

PRE-TLAUNCH CHECKOUT
PERSONNEL UTILIZATION - TIME LINE
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PART IIT - COUNTDOWN

Countdown procedure consists primarily of confidence checks perform-
ed by the Flight Crev and is a repetition of checlks conducted by the checkout
crew during the pre-lsunch checkout. The checks consist of visual and auto-
matic checks of vehicle subsystems in addition to observation of flight
peraneter displays as the launch time epproaches.

It is assumed the three flight crew members and the lunar base crew
are all sboard the Luner Ferry and that the vehicle has been fully serviced,
ready for countdown. '

It is estiiated the countdown will require approximately 3.08 hours
to complete.

Sequence No. Time Resp. Task
From To
la T-185 T-165 PC Inspects flight displays and controls.
1 T-185 T-155 PE Visually inspects:

- Electrical power systems.

- Guidance and navigation system.

- Accessible Reaction Control
System Components.

Operates the communications and radar
systems. Checks the fuel quantity dis-
plays.

lc T-185 T-155 PS Visually inspects the Environmental
Control System (ECS) displays

- Atmospheric composition indicators

- ILOX and nitrogen supply indicators

- Humidity control indicators

-~ Coolant system indicators

- Radiation detection system in-
dicators

-~ Cabin leakage indicators

Visuelly inspects:
~ The zero "G" commode
- The personal hygiene facilities
- The food refrigeration and storage
facilities.
Checks the potable water supply.

2 T-165 T-145 CPA Programs checkout equipment abosrd
OmF [ ]
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Sequence No. ' Resp. o Task
From To

3a . T-155 T-145 PE Performs self-check of on-board
conputer.,

3 T-155 T-145 ICD Directs C/O crew to prepare for auto-
matic checlkout.

L T-140 T-135 B Notifies Launch Control Director (ICD)
of vehicle readiness for automatic C/0
from OLSF.

Ha, T-145 T-100 CPA Starts checks at direction of ILD.

- Monitors progress of checks.
5b T-145 T-100 C/0 Crew Assist CPA in analysis as required.

- Monitors displays as required.

6a. T-100 T~70 CPA Sumarizes C/0 date end trensmits to
GOSS per schedule.
6b T-100 T-80 ICD Confirm OLV C/O results with each other.
! PC
T T-80 T-T0 ICD Notifies PC and GOSS of vehicle status

for lunar flight.

- Mskes go~ no go decision,

8e, T-T0 T-55 PC Meneuvers Lunar Ferry into launch
. orientation.
&b T-T0 T-45 PE Verifies status of pguldance, navigation,

attitude control, communications, and
redexr systems.

8¢ T-70 T-45  PS Verifies stetus of ECS.
9 T-55 T-45 PC Verifies status of launch computer

settings, electrical power systems,
RCS, and stabilization systenm.

10 T-U45 T-35 GOSS Transmits launch parameters to PC.
PC
~ Verifies wvehicle orbital
characteristics.
1l T~35 T-25 PC Verifies launch computer settings.




Sequence No. Resp. Task
‘ From  To

12a T-25 T-15 c Starts nuclear engines.

- Stabilizes engine at minimum
power setting.

12b T-25 T-15 PE Verifies status of electrical power
systems. Verifies functioning of
engine and fuel systems.

13 T-15 T-10 PC Rechecls launch computer settings.

1L T-10 T-05 PC Verifies vehicle orientation; notifies
flight crew and passengers to standby
for launch.

15 T-05 T-0 P Executes launch.

16 T-0 T+20 GOSSs Monitors end keeps PC informed of
launch trajectory.
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Pilot Commander

PC_Luner Ferry
Pilot Engineer

FE Lunar Ferry

Pilot Scientist
Lunar Ferry
Launch Control
Director

CPA Checkout-Pro%ram-
Orbital Support
OSAVO Assy. Veh. Opr.

Orbital
Checkout Crew (5)

Ps

ICD

Ground Operated
GOss Support System

- Basic Task
m HOURS
Monitor

Standby

The approximate total checkout crew manhours required for the count-
down operation (excluding GOSS) equaels:

Basic Task - 16.16
Monitor - 2,83
Total = 28,32
FIGURE B,.3-3;

COUNTDOWN - PERSONNEL UTILIZATION - TIME LINE
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AFPENDIX C

FUNCTION AND TASK ANALYSIS OF
MAJOR OPERATIONS AND EVENTS

- MARS FLYBY VEHICLE

The purpose of this analysis is to estimate the man/machine tasks,
number of personnel and accumulated time, and manhours required to perform
8ll the major operations and events defined in Appendix A.l in support of
launching the Mars Flyby vehicle from Earth orbit. Where considered
appropriate, the results of the Lunar Ferry Checkout and Countdown Procedures
(Appendix B.3) have been incorporated in this analysis, suitably modified, to
account for anticipated differences in the vehicle subsystems. Reference
should be made to Appendix B.2 for an explanation of the format used,

For the purpose of estimating the time required in assembly orbit
to perform the many supporting operations, it is assumed that all supplies,
vehicle segments, auxiliary vehicles, etc. are readily available to the orbital
checkout crew as they were needed. The effects of the availebllity of Earth
launch pads and vehicles, realistic Earth launch rate, etc., on the total time
to perform the major operations are discussed in Volume II.

The results of the analysis presented herein are summerized as

follows:
Total manhours required for performing all major
operations and events. = 427
Total accumulated (consecutive) hours required. = 101
Total Orbital Checkout Personnel required. s 9
Total Mars Flyby Mission Vehicle Flight Crew = 3

(W11l essist in countdown operations only.)
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f APPENDIX D

FUNCTION AND TASK ANALYSIS OF MAJOR OPERATIONS AND EVENTS
(ESTTMATED) '

- MARS CAPTURE VEHICLE

Based on the combined results of the Functlon and Task Analyses of
the operations in support of the Lunar Ferry, the Mars Flyby Misslon, end in
particular, the Mars Landing (Convoy) vehicles, an estimate was made of the
time required to perform each major operation to service, checkout, and launch
the Mars Capture Vehicle. As in the case of the other enalyses, 1t is assumed
that all equipment, tools, supplies, tankers, auxiliery wvehicles, etc., were
readily availsble in the assembly orbit as needed by the checkout crew.

On the following pages, the Major Operations, as presented in
Appendix A.2, have been extracted and an estimate has been made of the total
time and menhours required to accomplish each task. The results are shown
as follows:

Total manhours required for performing

all Mejor Operations end Events - 3,229
Total accumulative (consecutive) hours

required - 346
Total orbital checkout personnel re-

guired - 1k
Totael Mars Capture Vehicle Flight Crew

(will assist in countdown operations

only) - 6

MAJOR OPERATIONS FOR MARS CAPTURE VEHICLE
TIME AND MANHOURS REQUIRED FOR EXECUTION

Major Operation _ Required  Required
No. Description of Operation Hours Manhours
1 : Launch M-3 and M-4 stages and Life
Support Section (ISS) to Earth Orbit
Not.: 1SS is manned. 0.00 0.00
2 Conduct checkout of M-3 and M-k
stages and LSS, 60.00 480.00
3 Launch Support Vehicle No. 1 84 1.52
L Rendezvous and dock support vehicle
with 1SS 1.09 3.51

D-1




Major Operation
No.

5
6

10

11

13

1L

15
16

17
18

19

20

21

22

23

2k

Descriptlion of Operation

Launch M-2 stapge to Earth orbit.

Rendezvous and dock M-2 stage to
M-3 stage. :

Assemble M-2 stage to M-3 stage.
Perform checkout of M-2 stage.
Launch M-1B stage to Earth orbit.

Rendezvous and dock M-1B stage to
M-2 stage. :

Assemble M-1B stage to M-2 stage.
Perform checkout of M-1B stage.
Launch M-1A stage to Earth orbit.

Rendezvous and dock M-1lA stage to
M-1B stage.

Assemble M-1A stage to M-1B stage.

Perform mejor checkout of complete
mission vehicle,

Launch Support Vehicle No, 2

Rendezvous and dock support vehicle
to 1SS

Perform service functions - refurbish
mission vehicle systems.

Launch Propellant Tenker No. 1 to
Barth orbit.

Rendezvous and dock propellant tanker
No. 1 with mission vehicle.

Position tanker module No. 1l and
connect service lines.

launch Propellent Tanker No. 2 to
Earth orbit

Rendezvous and dock propellant tanker
No. 2 with nission vehicle

D-2

Required Required
Hours Manhours
0.00 0.00
2.50 6.50

30.08 300.08
10.00 80.00
0.00 0.00
2.50 10.00
30.08 300.08
10.00 80.00
0.00 0.00
2.50 10,00
30.08 300.08
45.00 540.00
3.17 9'3)+
1.33 3.99
15.00 120.00
0.00 0.00
1.50 6.00
1.00 6.00
0.00 0.00
1.50 6.00




Major Operation
No.

25

26

28

29
30
31

32
33
3h

36

37

38

39

Lo

L1

Lo

Description of Operation

Position tanker module No. 2 and
connect service lines,

Launch Propellant Tanker No. 3 to
Barth orbit

Rendezvous and dock propellant
tanker llo. 3 with mission vehicle.

Position tanker nodule No. 3 and
conmnect service lines.

Perform checkout of mission vehicle.

Perform propellant transfer operation.

Oeparate empty propellasnt tankers
from mission vehicle.

Perform checkout of mission vehicle.
Launch Support Vehicle No. 3

Rendezvous and dock support vehicle
with 1S5S,

Perform service functions - refurbish
mission vehicle systems.

Launch Mission Crew Carrier - mamned
by mission crew.

Rendezvous and dock nmission crew
carrier with ISS.

Separate Support Vehicles No. 1, 2,
and 3, and Crew Carrier - uanned by
checkout crew.

Transfer support vehicles and crew
carrier to parking orbilt.

IMission crew conduct mission readi-
ness test.

Conduct pre-launch operations and
countdown.

Initiate finsl countdown.

Required
_Hours

1.00

0.00

1.50

1.00
2.00

1.25

1.00
35.00

3.17

1.33

15.00

0.00

1.50

.50

10.00

10.00

10.00

Required
Manhours

6.00

6.00
20,00

10.00

10.00

420,00

9.3h4

3.99

120.00

0.00

6.00

1.00

1C0.00

120.00

120.00



Ma jor Operation _ Required Reguired

No. Description of Operation Hours Manhours
43 Mars Capture Mission - orbital launch. .67 4,02
L Support vehicles and crew carrier

return . to Earth. «50 3.00

TOTALS= 345.92 3,229.00



APPENDIX E

FUNCTION AND TASK ANALYSIS OF MAJOR OPERATIONS AND EVENTS

MARS LANDING CONVQOY

The purpose of this analysis is to estimate the man/machine tasks,
number of personnel, accumulated time, and manhours required to perform all
the major operations and events, as defined in Appendix A.4, in support of
launching the Mars Convoy vehicles from Earth orbit. Where considered appro-
priate, the results of the Lunar Ferry Checkout and Countdown Procedures
(Appendix B.3) have been incorporated in this analysis suitably modified to
allow for anticipated differences in vehicle subsystems and numbers of vehicles.
The analysis assumes that the subsystems of the Lunar Ferry and the crew vehicle
of the Mars Landing Mission would be quite similar since they come into being
at sbout the same time period (1978 and 1982, respectively). Reference may be
made to Appendix B.2 for an explanation of the format used.

For the purpose of estimating the time required (in assembly orbit)
to perform each supporting operation, it is assumed that all supplies, vehicle
segments, refueling tankers, auxiliary vehicles, etc., are readily availasble’
to the orbital checkout crew as needed. In some cases, smaller items of equip-
ment, or supplies, may be located in the nearby OLSF; this facet does not
appreciably affect the results of the analysis.

The effects of the aveilability of Earth launch pads and vehicles,
realistic Earth launch rates, etc., on the total time required to prepare and
launch the convoy sre discussed in Volume II.

The results of the analysis as reported herein may be summarized as
follows:

Total manhours required for performing

all Major Operations and Events - 6,061
Total accumulated (consecutive) hours

required - 627
Total Orbital Checkout personnel required - 14
Total Mars Landing Vehicle Flight Crew - 8
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